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PREFACE 


N the beginning of the third book 
of the Mathematical Principles 
of Natural Philofophy of the 

late illuftrious Sir Isaac NEwTON, 
he acquaints us, “ that he had once 
“* compofed that book in a popular 
“method that it might be gene- 
“* rally read ; but that afterwards 
“* to avoid the dif[putes which might 
* arife, tf thofe who were unac- 
** guainted with the principles laid 
“* down in the preceding books, and 
<< full of the prejudices which many 
“ years had made natural to them, 
<< foould take it in hand, he put 
*“ the fubftance of that book into 
** propofitions in the mathematical 
“way, that it might be read by 
* thofe only who had fiudted the 
“< principles beforehand.” The pre- 
indices that great Man apprehenda- 
3 | teloa ep» ed, 
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ed, when the princtples whereby he 
explained the appearances of Na- 
ture were new, are now fo well 
diffipated by the univer{al applaufe 
and approbation they have been 
guftly attended with, that his rea- 
fon for fuppreffing that perform- 
ance being entirely ceafed, we think 
the fame may be very acceptable — 
to the World. And to render tt 
the more ufeful to our countrymen, 
we chufe to give it in a careful 
tranflation rather than in the ori- 
ginal Latin. | 


That this work as it ts here pub- 
lifoed is. genuine, will fo clearly 
appear by the intrinfic marks it 
bears, that tt will be but lofing 
words and the Reader's time to 
take pains in giving him any other 
fattsfatiton. It will be more con- 
venient to clear the way for thofe 
who are le[s acquainted with the 
fubjett, by a fort account of Aftro- 
nomy, and the ftate it was in when 
the Author wrote; by which the 

: | curtous 


PREFACE. vo 
curious difcoveries therein contain- 
ed will be the better under ftood. 


By the imperfection of our fenfe 
zt comes to pafs, that the ap- 
pearances of the heavens and 
heavenly bodies are entirely diffe- 
rent from what they really are in 
themfelves. The Sun, the Moon, 
the other Planets, and the fixed . 
- Stars, appear to the eye only like 
{mall circles or like points of light; 
at equal diftances it se us ; ftick- 
ing to the top of a blue hemtfphe- 
vical vault, not very far from the 
Earth, which it feems to touch on 
every fide near the horizon. And 
this blue vault turning upon its axts,. 
thefe bodies being carried round 
with wt, rife and fet alternately, 
and fo prefent themfelves in order 
to the feveral parts of the Earth. 


But our reafon affifted by geome- 
try, opens to us a very different 
feene. It fhews us an immenfe 


ocean of celefital [pace {preading 
; Ie. at 


vi PREFACE. 
it [elf on all hands from our Earth 
without ies that any limits . 
foould be fet to tt. That the feve- 
ral heavenly bodies that feem to 
our eye fo Frat and equally dif- 
tant fromus, are inreality of pro- 
digious magnitudes, and placed at 
vaft and very different intervals 
Srom the Earth and each other, in 
that boundle/s aby{s. Thefe things 
were long ago known and confent- 
ed to by all ; but the exat form 
in which thefe bodtes and the 
Earth are fituate with refpek to 
each other in that immenjfity of 
fpace, was not well fettled till a- 
bout fixty years ago ; at which time 
Aftronomers generally agreed in 
the following Syftem. That the 
Sun, though it feems to move, is 
indeed fixed and quie{cent in acer- 
tai given part of the celeftial re- 
gions. That at a great diftance 
from thence that Planet we call 
Mercury goes round him in an orbit 
either circular or ver nearly fo, 
an the centre of which the Sun ts. 
: That 
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That at ayet greater difiance the 
Planet Venus revolves about the 
Sun tn Icke manner. That next to 
Venus the Earth goes round the 
Sun, turning at the fame time upon 
tts axis, and attended by the Moon ; 
which revolves about the Earth as 
the Earth does about the Sun. That 
the other Planets, Mars, fupiter, 
and Saturn, move alfo round the 
Sun in ithe orbits sith the others ; 
the two lafi being obferved to have 
Satellites or Mooms revolving about 
them, as our Earth has its Moon. 
All this 1s reprefented im the com- 
mon figures of the Solar or Copexni-- 
can Syfrem. 


But Aftronomers did not flop 
here. Thep not only found the or- 
der in whech the Planets move, 
and the fituation of their orbits ; 
but the fagacious Kepler made alfo 
the following great difcovertes con- 
cerning the laws ef their motions. | 
The fixft, that alk the Planets, m 

A 4 moving 
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moving round thé Sun, defcribe, by 
yadt drawn to ‘thé. Sun, areas pro- 
portional tothe times : and, [econd- 
ly, that-the cubes of their difiances 
increafe in the-fe 

the “ | 


be fame proportion as 
quares of their periodical 


ACB, is to the whole area ABGA. 
Likewife 


em? 
swt 
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Likewife the aren.deforsbed by the. 
right line C.D} sm:-dbe motion of the: 
Planet D, ts ever as the time in 
which that.eves.ss defersbed.. Aud 
the tine ire wich the. Planet Dx 
moves from D. ta B,1s to the temas 
of its whole revoblation, as the -aréas 
DCE, zs tothe whole arez DEFD. .. 
So alfo we may fuppofe a Planet. 
moving in an orbit ABDC, ‘of an. 
elliptical figure, in whofe focus atS.: 


the Sux is.. Here the Sun will be. 


nearer to fome parts of the orbit. 
than to. others, as to A andsB) 
move than to C and D. In this, 


cafe, tf areas proporttonal to the. 


times are defcribed by radti drame.. 
to the San at 8, by how much the 
diftance CS or DS ts greater than: 
AS or BS, by fo much will the are . 
CD decribed iu any givew portion’: 
of time, be lefs than the are AB 
de{cribed in the fame time. And 
this, as was fatd, 1s what we mean \ 
by this great law of proportionality — 
of 


PRE FA CBS xi 
of \andas land, times. to which the 
matcopsof\ Moe Planets iave fubje. 

Re eh a et aU at Non Lee 

nhs. the weak place) aie.may ex- 
plea ttle the ‘natave sof the 
other. law of the planets: motions. 
Tibe -ondaneng ts. ois; that tf we 
the: the: cubes of the diftances of: 
guy two: Planets, as.Venus, and 
rs. (whith. ave knows by affros. 
nanescal: catcatation and. obfervay: 
tio%\)\and. the fauares of the pers. 
odtkak temes of the fame Ranets,. 
(Rizows by the fame methods,) thefé.s 
foe. nsinbérs wills be. in. propar-. 
tio: that ts, :the fquare of the: 
tiwse se. which Venus moves. sn tha. 
ortet DEF, ts to the fquare. ofr 
the.tame. 02. oybich Mars moves tt 
thevortil ABG, a6 the cube of the. 
diféance. GD, is to the cube of the ; 
ya np CA And. quantities in 
thats propoxtvon are fatd.to have « 
Sefqnealteral ratio to exchather. .... 
: TBA ane ss . oy at mek 
\o 
| This 
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This was the fate of the 


nomy of. the Planets , ‘when. Siw 
Isaac Ne Ee as wrote. “As si 


and not to eS an: 0 9 L it 16 

ring into wt felf, or at all incurva- 
ted ; and it was a prevailing Ms i: 
nion, that at the time thofé bodt 
were vifible, their motions ee 2 
performed in the THE 9 yan a 
Saturn. | 3 


‘There remained one. thing Jars ; 
ther to be known, which was, the 
caufe which retains the Planets.i in 
thofe regular motions which they are 
found to revolve with, . For fince. 
projected bodies, im, elled by aft ngle 
force, move by their own natur 
uniformly along the right. lines: 5 
which the sornes that tmpel them 
are directed, without any p Fg ibility 
of deviating ‘from thofe rectilinear 
paths ; 3 u follows that bodies, like 
tbe’ saws that move in curve 

Uines, 


2 
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wis Sl AG Site POS p« 

OF FRG PE Ch paon Tx more for- 

ces than one, or by fome compound 
am ns they naturally tend to 


efcribe. The queftion then was, 
f what nature that force is which 
1s diffufed through fo vaft an ex- 
tent as that of the Planetary Sy- 
| and which [eems tobe fimple 
uniform, by its uniform eff eds 


ny ss WO AS ‘ 
above-mentioned, of the proportio- 
nality of the areas and times ; and 


the fefquialteral ratio of the di- 
Stances and periods, [aid above to 


“To this end the Author did not 
frame hypothefes as other philofo- 
phers ufed todo, but fet himfelf to 
examine the phenomena them- 
elves, by mathematical reafoning. 
And firft of all, he found that bo- 
aes -de[erabing calle a 
do the'tim 3 by radii drawn 10 any 
ipen pint ‘are impelled by two 
Fines 3 by one of which they con- 
tiqually endeavour to fly off in the 
3 tangents 
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tangents of the orbits they defcribe, 
sat by the other, which continually 
smpells them to the given point, 
they are with-held from doing fo, 
and retained in thofe curvilinear 


paths. 


Since then the Planets by radi 
drawn to the Sun defcribe areas 
roportional to the times, it fol-. 
lows that the compound force whtch 
keeps them tn theer regular mott- 
ons according to that law, is coms 
ounded of two forces; one of 
which impells them according to 
the tangents of their orbits, and 
the other impells them towards the 
Sun ; the ferft of which we may call 
the Projectile, the other the Centri- 
petal Force. 


Now by this difcovery we have 
made agreat advance, having found, 
Fivfi, that this phenomenon of 
the motions of the Planets may ke 
accounted for by twa [uch forces: 
aud, Secondly, that the centripetal 
force is directed ta one fixed and 

| “given 
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given place, the Sun's centre ; and 
not to any uncertain and wandring 
places ; which would have made 
our future fpeculations very tntrt- 
cate, tf tt had proved fo. What 
the caufe ts of this force, we 
do not yet pretend to determine; 
our a cy 2s, fince fuch a force 
1s found to exift, to fearch into the 
properties and proportions of that 
force, before we think of enqutring 
wnto the caufe of it. 


The next quefiion 1s then what . 
roportion two centripetal forces 
attually bear to one another in two 
different Planets. For forces being 
menfurable quantities, are capable 
of being compared together as to 
proportion ; which proportion may 
be exprefjed by numbers ; in the 
fame manner as the proportions 
of any two lines, weights, &c. 
And fince thefe two forces atiually 
exift, and operate upon the Planets, 
they muft of courfe bear fome cer- 
fain proportion to each other, tf that 
| could 
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could be found out. They muft be 
either equal in all the Flanets, or 
greater in the neareft, and lefs wn 
the more remote, or vice verfa. 


The inveftigation of thefe pro- 
portions 1s a mathematical pro- 
blem ; which the Author folves by 
finding that if feveral bodies re- 
volve about a centre in [uch orbits 
as the Planets, and the times of 
their periods be to each other in a 
fefquialteral ratio, their centripe- 
tal forces willbe rectprocally as the 
fquares of the diftances from the 
‘centre. Whence it follows that 
fince the Planets move about the 
Sun in periods having that ratio 
to each other, thetr centripetal 
forces towards the Sun are rect- 
procally as the [quares of thetr dif- 
tances from the Sun, 


There is therefore a virtue dif- 
Sufed throughout the whole Plane- 
tary Syfiem by which the Planets 
are obliged: to tend on all fides to- 

ss wards 
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wards the Sun placed in the 
common center or focus of their 
orbits ; and whofe effect is always 
zn the reciprocal duplicate ratio of 
the diftances from the Sun. 

This ts a difcovery for which we 
are beholden to the penetrating 
genius of our great Author. Our 
next enquiry muft be, whence this 
virtue 1s propagated. . For though 
we know fuch a virtue exifis, we 
are not yet ceriain whence tt is 
produced. ; 

To fet us fomething more for- 
ward in this fearch, the Author 
has difcovered and demonfirated ly 
mathematical reafoning, that if a 
globe is compofed of particles 10 
each of which there tend centripe- 
tal forces that are in the rectpro- 
cal duplicate ratio of the diftances 
Jrom the particles, the centripetal 
forces tending to the whole globe 
will be alfo im the fame ratio. 
Therefore, fince there are centri- 
petal forces tending to the whole 
body of the Sun which are in that 
reciprocal duplicate ratio of the 

| ' Ox B dif 
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difiances, zt follows that each fingle 
particle of the Sun's body has fuch 
centripetal forces tending to it att- 
ing in the very fame raito. So that 
we fee the oh (Nabe of the Planets 
from the retitlinear paths into the 
curve orbits they defcribe, ts occa- 
fioned by a certain property of the 
parts of which the Sun is compofed, 
which by fome hidden virtue, either 
by attratitons propagated from thofe 
parts or by impulfes diretied to 
them, oblige the Planets to tend 
towards the Sun's body perpetually, 
with forces that are in the rect- 
procal duplicate ratio of the diftan- 
ces from the Sun. This virtue we 
will name an attractive virtue ; 
though the effect thereof is more 
probably caufed by an impulfe from 
without the attracted bedy, rather 
than by any thing emitted from 
that which ts faid to attra. But 
fince the names of things are arbt- 
trary, and after this caution pre- 
mifed, this name cannot miflead 
us, we ufe it for the convenience 
of brevity, 

et But 
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But by the laws of motion recet- 
ved by all philofophers, tt is certain 
that tf the particles of the Sun at- 
tract the particles of the Planets, 
thefe latter muft alfo equally and 
mutually attract the former. And 
af fo, tt follows that the particles 
of the Sun and of the Planets are, 
in ref[pect of this attractive virtue, 
entirely fimilar. By Planets, I bere 
mean the primary. But fice there 
can be no pretence of reafon to tma- 
gine that the [econdary Planets are 
in this refpect different from the 
primary, it follows that all the bo- 
dies tn the Planetary Syftem are 
endued with this virtue, of attraéc- 
ing others in the rectprocal dupli- 
cate ratio of their diftances from 
the attratted body. Andif every 
fingle particle of each body be fepa- 
rately endued, as was foewn above, 
with this virtue, iw follows that 
where a number of thofe particles 
are united in one body, the entire 
force of that whole body will be ce- 
teris paribus as the number of thofe ° 
particles ; that 1s, as its quantity 
“Bo of 
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of matter. And fo the attrattive 
virtue of all bodies will be ceteris 
paribus as their quantity of matter. 
Therefore all the Planets may be 
confidered as centers and fources of 
this attractive force which 2 ideaes 
tt [elf about them on all fides, at- 
tratting towards them from all 
quarters, all bodies that are not 
hindered by a more forcible attra- 
ction to fome other body. This ts 
farther confirmed by the revolution 
of fecondary Planets about fome of 
the primary, (as about the Earth, 
Fupiter and Saturn) according to 
the fame laws, which the primary 
obferve atout the Sun, as to the pro- 
porttonality of times and area's, 
and the fefquialteral ratio of the 
difiances and pertods : and the fame 
thing appears by the fenfible effects 
of the Moon upon the Earth. All 
which demonftrate that an attrac- 
tive virtue is propagated from thofe 
bodies, of the very fame kind with 
sm which is propagaied from the 
ui. 


Jind 
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And fince, as was fbewn above, the 
centripetal forces of the Sun and prt- 
mary Planets are in a given ratio to 
the periods and diftances of the pri- 
mary Planets about the Sun, and of 
the fecondary about the primary, it 
follows that we may mathematically 
enveftigate from the phenomena the 
proportions which the centripetal for- 
ces of thofe celefital bodtes feverally 
bear to each other ; and from thence 
judge of the effects they are feverally 
like to produce in the Syfiem of the 
World. And the doing this ts the fub- 
ject of the frft part of thts tratt. 

The {um therefore of thefe new 
inventions is contained in thts great 
and univerfal truth, and its corolla- 
ries, That all bodies through the whole 
folar Syftem [and therefore through- 
out the univerfe, as we have all the 
rea; on that cau be to fuppofe | attract, 
or (which ts the term ufed moft ge- 
nerally\ gravitate towards, each other 
wtb forces that are as their quan- 
tities of matter directly, and as the 
Squares of thetr diftances from each 
other reciprocally. ; 

1b 
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On this great foundation the Au- 
thor builds twoitmportant difcoveries, 
entirely new; the firft relating to 
the Moon and the tides; the fecond 
relating to the motions of the Comets, 
and the figure of their orbits. 

Aftronomers have always found the 
Moon's motion to be fuljed to fo 
many and various trregularities that 
they could never bring their tables to 
anfwer to it, with any thing near the 
exatine/s they could do in the other 
Planets. And befides, the Pheno- 
mena they nf in her motion 
were in themfelves very odd and fur- 

rizing, there being no example of the 
like tn any of the other Planets. But 
from that great law of nature, above- 
menitoned, the true fource of thofe 
zrregularitzes has been moft clearly 
laid open by this great writer. And 
Srom the fame principles that won- 
derful Phenomenon of the ebbing and 
flowing of the fea, ts here alfo moft 
‘plainly deduced. 

The Ajironomy of Comets was en- 
tirely unknown till the time this Tra& 
was written. The figure of the paths 
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they defcribed, the regions through 
which they paffed when they were vi- 
Sible tous, and thofe to which they af- 
terwards went, were quite igakee 
by all the Aftronomers. But they are 
now fo clearly made known to us by 
the Author's means, that nothing ts 
wanting to compleat that A/tronomy 
but length of time and opportunities 
of obfervations. The pity of a 
Comet's trajectory with which this 
Treattfe is concluded being different 
from that in the Principia, it will 
probably be acceptable to fome to fee 
one of thofe effays that are [acd by the 
Author (in the Principia) to be made 
by him towards the [olution of that 
great and difficult problem. 

Some perjons will probably be ready 
to enquire what is the caufe of this 
hidden virtue of gravity which ts here 
attributed to the heavenly bodies. To 
this the only an[wer ts, that this caufe 
is as yet one of Nature's fecrets: and 
perhaps it will ever remain fo. "Tis 
only plain from mathematical reafon- 
ing and undoubted obfervation, that 
[uch avirtue extfts and operates inthe 

Sy/tem 
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Sytem of the Planets, and that ac- 
cording to the laws above mentioned, 
Till a beiter explication be found we 
may very well refolve tt into the Will 
of the All-wife and Almighty Crea- 
tor, who when. he formed and di[pofed 
thefe bodies, by this invifible bond 
made them faft for ever and ever: 
and gave them a law which fhall not 
be broken. 

The reader ts defired to obferve that 
the references to propofitions cited in 
the original, are omitted, [o that man 
things he will fmd herein afferted, 
mah be taken upon truft, The reafon 
of this ts, that the great work of the 
Principia in which thofe propofitions 
were contained, appears to have been 
put into a very different form after 
this Tratt was written, and many 
things were added and altered there- 
in. Ibis alteration caufed fo much 
confufion in the citations, that it was 
thought be/t to leave them all out ; one 
or (wo excepted which efcaped our 
nolice, and have crept in by overfight. 
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T was thé ancient opinion of not a 
few in the earlieft ages of 
philofophy; That the fixed 

~ Stars ftood immoveable in 
the higheft parts of the world ; that un- 
der the Fixed Stars the Planets were 
carried about the Sun; that the Earth, 
as one of the Planets, defcribed an an- — 
nual courfe about the Sun, while by 
a diurnal motion it was in the mean 
time revolved about its own axe ; and 
that che Sun, as the common fire which 
ferved to warm the whole, was fixed - 
in the center of the Univerfe. 

This was the philofophy taught of 
oh by Philolaus, Arifisrchus of Sa- 
mos, Plato in his riper years; and the 
Whole fect of the Pythagoreans. And 
this was the judgement of naximan- 

B der; 


That the matter of 
the Heavens is fluid. 
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der, more ancient than any of them, and 
of that wife king of the Romans Numa 
Pompilius ; who as a fymbol of the fi- 
gure of the World with the Sun in the 
center, erected a temple in honour of 
Vefia, ofaround form, and ordained per- 
petual fire to be kept in the middle of it. 

The Egyptians were early oblervers 
of the heavens. And from them pro- 
bably this philofophy was {pread abroad 
among other nations. For from them 
it was. and the nations about them, that 
the Grecks, a people of themfelves more 
addicted to the ftudy of philology than 
of nature, derived their firft as well as 
foundeft notions of philofophy. And 
in the veftal ceremonies we may yet 
trace the ancient fpirit of the Eg yprians. 
For it was their way to deliver their 
myfteries, that is. their philofophy of 
things above the vulgar way of think- 
- ing, under the veil of religious rites and 
hierogly phick fymbols. 

It is not to be denied but that Ayax- 
agoras, Democritus and others did now 
and then ftart up, who would have it 
that the Earth poffeffed the center of 
the World, and that the Stars of all forts 
were revolved towards the weft, about 
the Earth quiefcent in the center, fome 
at a {wifter, others at a flower rate. 


However, 
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However, it was agreed on both fides, 
that the motions of the celeftial bodies 
were performed in {paces altogether free, 
and void of refiftance. The whim of 
folid orbs was of a later date, introdus 
ced by Eudoxus, Calippus and Arifto- 
tle; when the ancient philofophy be- 
gan to decline, and to give place to the 
new prevailing fictions of the Greeks. 

But above all things the phanomena 
of Comets can by no means confift with 
the notion of folid orbs. The Chalde- 
ans, the moft learned aftronomers of 
their time, looked upon the Comets 
(which of ancient times before had been 
numbered among the celeftial bodies) 
as a particular fort of planets, which 
defcribing very eccentric orbits, prefent- 
ed themfelyes to our view only by turns, 
viz. once in a revolution when they 
defcended into the lower parts of theit 
orbits. | 

And as it was the unavoidable confeé 
quence of the hypothefis of folid orbs, 
while it prevailed; that the Comets fhould 
be thruft down below the Moon ; fo no 
fooner had the late obfervations of aftro- 
nomers teftored the Comets to their an- 
cient places in the higher heavens, but 
thefe celeftial faces were at once cleared 
of the incumbrance of folid orbs, which 
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The principle of cir- 
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by thefe obfervations were broke into 
pieces and difcarded for ever. 


Wuence it was that the Pla 


cular motion in free mets came to be retained with- 


Spaces. 


in any certain bounds in thefle 
free {paces, and to be drawn off from the 
rectilinear courfes, which, left to them- 
felves, they fhould have purfued, into. re- 
gular revolutions in curvilinear osbits, 
are queftions which we do not know how 
the ancients explained. And probably 
it was to give fome fort of fatisfaQion 
to this difficulty that folid orbs were in- 
troduced, 

The later philofophers pretend: to ac- 
count for it, either by the ation of 
certain vortices, aS Kepler and Des 
Cartes; or by fome other principle of 
impulfe or attraction, as Borelli, Hook, 
and others of our nation. For from 
the laws of motion it is moft certain that 
thefe effects muft proceed from the ac- 
tion of fome force or other. 

But our purpofe is only to trace out 
the quantity and properties of this force 
from the phenomena, and to apply what 
we difcover in fome fimple cafes, as 
principles, by which, in a mathematical 
way, we may eftimate the effects there- 
of in more involved cafes, For it would 
be endlefs and impoffible to bring every 

Ee 
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particular to dire& and immediate ob- 
fervation. 

— We faid, 12 a mathematical way, to a- 
void all queftions about the nature or 
quality of this force, which we would 
not be underftood to determine by any 
hypothefis ; and therefore call it by the 
general name ofa centripetal force, as 
it is a force which is directed towards 
fome center; and as it regards more par- 
ticularly a body in that center, we call 
it circum-folar. circum -terreftrial, cir- 
cum-jovial, and in like manner in re- 
{pect of other central bodies, 


Tuat by means of centripetal forces, 
the Planets may be retained 
in certain orbits, we may eafily 
underftand, if we confider the 
motions of projectiles. For a ftone pro- 
jected is by the preffure ofits own weight 
forced out of the rectilinear path, 
which by the projection alone it fhould 
have purfued, and made to defcribe a 
curve line in the air; and through that 
crooked way is at laft brought down to 
the ground. And the greater the velo- 
city is with which it is projected, the 
farther it goes before it falls to the 
Earth. We may therefore fuppofe the 
velocity to be fo encreafed, that it 
‘would defcribe an arc of 1, 2, 5, 10, 100, 

Bes 1000 


The effeéts of cen- 
tripetal forces, 
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1000 miles before it arrived at the 
Earth, till at laft exceeding the limits of 
the Earth, it fhould pafs quite by with- 
out touching it. 

Let A FB reprefent the furface of the 
Earth, C its center, VD, VE, VF, the 
curve lines which a body would de- 
{cribe. if projected in an horizontal di- 
rection from the top of an high moun- 
tain, fuccefiively with more and more 
velocity. And, becaufe the celeftial mo- 
tions are fcarcely retarded by the little 
er no refiftance of the {paces in which 
they are performed ; to kecp up the pa- 
rity of cafes, let us fuppofe either that 
there is no air about the Earth, or at 
Jeaft that it is endowed with little or na 
power of refifting. And for the fame 
reafon that the body projected with a 
lefs velocity, defcribes the leffer arc VD, 
and with a greater velocity, the greater 
arc VE, and augmenting the velocity, 
it goes farther and farther to F and G; 
if the velocity was ftill more and more 
augmented, it would reach at laft quite 
beyond the circumference of the Earth, 
and rcturn to the mountain from which 
ic Was projected. 

And fince the area’s, which by this 
motion it defcribes by a radius drawn 
to the center of the Earth, from the 

princj- 
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principles of geometry are demonftrated ?rop. 16, 
to be proportional to the times in which 
they are defcribed ; its velocity, when 
it returns to the mountain, will be no 
Jefs than it was at firft; and retainin 
the fame velocity it will defcribe the 
fame curve over and over, by the fame 
law. 

But if we now imagine bodies to be 
projected in the directions of lines pa- 
rallel to the horizon from greater heights, 
as of 5, 10, Y00, 1000 or more miles, 
or rather as many femi-diameters of the 
Earth ; thole bodies, according to their 
different velocity, and the different force 
of gravity in different highths, will de- 
{cribe arcs either concentric with the 
Earth, or varioufly excentric, and go on 
revolving through the heavens in thofe 
trajectories juft as the Planets do in their _ 
orbs. 


As when a ftone is projected oblique- 
ly, thatis, any way but in the 
perpendicular direction, the per- cee ee? gre 
petual deflection thereof towards 
the Earth from the right line in which 
it was projected, is a proof of its gravi- 
tation to the Earth, no lefs certain than 
its direct defcent when only fuffered to 
fall freely from reft ; fo the deviation of 
bodies, moving in free {fpaces, from rec- 

: 7 B 4 tilinear 


8 OF THE SYSTEM 

tilinear paths, and perpetual deflexion 
therefrom towards any place, is a fure 
indication of the exiftence of fome force, 
which from all quarters impells thofe 
bodies towards that place. 
' And as from the fuppofed exiftence 
of gravity, it neceffarily follows that all 
bodies about the Earth muft prefs dowa- 
wards, and therefore muft either de- 
{cend diredtly to che Earth, if they are 
Jet fall from reft, or at leaft perpetually 
deviate from right lines towards the 
Earth, if they are proje@ted obliquely ; 
fo from the fuppofed exiftence of a force 
dire@ed to any center, it will follow by 
the like neceflity, char all badies, upon 
which this forge acts, muft either de- 
{cend directly to rhac center, of at leaft 
deviate perperually cowards it from right 
lines, if otherwife they fhould have ma- 
yed obliquely in thefe right lines. 

And from the motions given we may 
infer the forces, or from the forces gi- 
ven we may determine the motions, by 
mathematical seafoning, 


Ir the Earth is fuppofed to fand ftill, 
ei ae and the fixed Stars to be revol. 
the fuppofed diurnal Yd in free {paces, in the {pace of 
motion of the ftars, 24 hours, it is certain the forces 

by which thefixed Stars are re- 
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tained in their orbs, are not directed to the 
Earth, but to the centers of the feveral 

orbs, that is, of the feveral parallel cir- 

cles, which the fixed Stars, declining to 

one fide and the other from the Equator, 
defcribe daily. Alfo that by radii drawn Prop. 1. of 
to the centers of thofe orbs, the fixed '“”““”™ 
Stars defcribe area’s exactly proportio- 

nal to the times of defcription. Then 
becanfe the periodic times are equal, it 
follows that the centripetal forces are as 

the radii of the feveral orbs ; and thar 

they will perpetually revolve in the fame 

orbs. And the like confequences may 

be drawn from the fuppofed diurnal mo- 

tion of the planets, | 


Tuar forces fhould be dire&ed to no 
Body on which they phyfically depend, 
but to innumerable imaginary 
points in the axe of the Earth The incongruous 
is an hypothefis too incongru- famohion tM 
ous. “Tis more incongruous / 
{till that thofe forces fhould increafe ex- 
atly in proportion of the diftances from 
this axe. For this is an indication of an 
increafe to immenfity, or rather to infi- 
nity ; whereas the forces of natural 
things commonly decreafe in receeding 
from the fountain from which they 
flow. But what i% yet more abfurd, 
neither are the area’s, defcribed Py: the 

ame 


p fe) 


Cor, 1, 
Prop, 2 
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fame Star, proportional to the times, 
nor are its revolutions performed in the 
fame orb. For as the Srar recedes from 
the neighbouring pole, both area’s and 
orb increafe ; and from the increafe of 
the area, itis demonftrated that the forces 
are not directed to the axe of the Earth. 
And this difficulty arifes from the two- 
fold motion that is obferved in the fixed 
Stars, one diurnal round the axe of the 
Earth, the other exceeding flow, round 
the axe of the ecliptic. And the ex- 
plication thereof requires a compofition 
of forces fo perplexed and fo variable, 
that it is hardly to be reconciled with 
any phyfical theory. 


Tuat there are centripetal forces ac- 
tually directed to the bodies of 


Thatthere isacen- the Sun, of the Earth, and other 


tripetal force really 
dire&ted to the cen- 


Planets, thus I infer. 


ter of every planet. The Moon revolves about 


our Earth, and by radii drawn 
to its center, defcribes area’s nearly pro- 
portional to the times in which they are 
defcribed ; as isevident from its velo- 
city compared with its apparent diame- 
ter. For its motion is flower, when its 
diameter 1s leis, (and therefore its difz 
tance greater) and its motion is fwifter 
when its diameter i3 greater. 


The 
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The revolutions of the farellits of 
Jupiter about that planet are more re- 
gular. For they defcribe circles concen- 
tric with Jupiter by equable motions, as 

exactly as our fenfes can diftinguith. 

And fo the fatellits of Saturn are re- 
volved about this planet with motions 
nearly circular and equable, fcarcely 
difturbed by any eccentricity hitherto 
obferved. 

That Venus and Mercury are revol- 
ved about the Sun is demonftrable from 
their Moon-like appearances. When 
they fhine with a full face, they are in 
thofe parts of their orbs which in refpect 
of the Earth lie beyond the Sun; when 
they appear half full, they are in thofe 
parts which lie over againft the Sun; 
when horned, in thofe parts which lie 
between the Earth and the Sun, and 
fometimes they pafs over the Sun’s difc, 
when dire&tly interpofed between the 
Earth and the Sun. 

And Venus, with a motion almoft 
uniform, defcribes an orb nearly circu- 
Jar and concentric with the Sun. 

But Mercury, with a more eccentric 
motion, makes remarkable approaches 
to the Sun, and goes off again by turns 5 
but it is always {wifter as it is near to 
the Sun, and therefore by a radius drawn 

. to 
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to the San, ftill defcribes area’s pro- 
ertional to the cimes. 

Laftly, that the Earth defcribes about 
the San, or the Sun about the Earth, by 
a radius from the one to the other, areas 
exadtly proportional to the times, is de- 
monftrable from the apparent diameter 
ofthe Sun compared with its apparent 
motion. | . 

Thefe are aftronomical experiments, 
from which it follows by geometrical 
reafoning, that there arc centripetal for- 
ces, actually directed (either accurately 
or without confiderable errour) to the 
centers of the Earth, of Jupiter of Sa- 
turn, and of the Sun. In Mercury; 
Venus, Mars, and the iecffer planets, 
where experiments are wanting, the ar- 
guments from analogy mult be allowed 
in their place. 


Tuar thofe forces decreafe in the du- 

That thofe eentripe. Plicate proportion of the diftan- 

i as eae in ces from the center ofevery pla- | 

icaté pr 4 : 

tion of the ante cee net, appears by Cor. 6. Prop. 4- 

from me center of For the periodic times of the fa- 

very Panes tellits of Jupiter are, one to an- 

other, in the fefquiplicate proportion of 

their diftances from the center of this 
pianet. 

This proportion has been long ago 

obferved in thofe fatellits. And Mr. 


Flam- 
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Flamfteed, who had often meafured 
their diftances from Jupiter by the mi- 
crometer, and by the eclipfes of the fa- 
tellits, wrote to me, that it holds to all 
the accuracy that poffibly can be dif- 
cerned by our fenfes. And he fent me 
the dimenftons of their orbits taken by 
the micrometer and reduced to the mean 
diftance of Jupiter from the Earth or 
from the Sun, together with the times 
of their revolutions, as follows: 


‘The greateft elonga- 
tion of the fatellits} The periodic times 
from the center of of their revolutiens. 
Fupiter as {een from 

_ the Sun. — 


Whence the fefquiplicate proportion 
may be eafily feen. For example, t 
16 4.185 og/. 13!’ is to the time 1™. 


eee 


18.4, 28/, 36/! as 4933!'x 4933” to 
108'! % 4/108”, negleéting thofe {mall 
fractions which, in obferving, cannet be 
certainly determined : 

Before the invention of the microme- 
ter, the fame diftances were determined 


in {emi-diameters of Jupiter, thus: 
lke 
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Diftance of the 1/7. 2a. 34. 4th. 


By Galileo 6 10 16 28 
Simon Marius | 6 10 16 26 
ret 5 8°: Nr 23 
Boresi more | a | . | 2 

exactly 53 83 14 247 


After the invention of the micrometer. 


Deen aes 


By Townley 5551 fee 13,47 | 24,72 
Flamfteea 532 18,55 113,98 


24,23 
cee 8 ten [ons 


And the periodic times of thofe fa- 
tellits, by the obfervations of Mr. F/am- 
freed, are 14. 18 5, 28’ 56//|3 4.13 a7? 
saltl as, 3h. 59° Q6l!| 26% 18 Pkg? 
13/! | as above. | 

And the diftances thence computed 
are 5,578 | 8,878 | 14,168 | 24,968 | ac- 
qurately agreeing with the diftances by 
obfervation. 

Caffini aflures us that the fame pro- 
portion is obferved in the circum-fatur- 
nal planets. But a longer courfe of ob- 
fervations is. required before we can 
have a certain and accurate theory of 
thofe planets, 


In 
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In the circum-folar planets, Mercury 
and Venus, the fame proportion holds 
with great accuracy according to the 
dimenfions of their orbs, as determined 
by the obfervations of the beft Aftrono- 
mers. 


Tuat Mars is revolved about the 
Sun, is demonftrated from the 
phates which it fhews, and the 
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That the fuperiour 
planets are revolved 


proportion of its apparent dia- abour the Sun, and 


meters. For from its appear- 


by radii drawn tothe 
Sun, defcribe area’s 


ing full near conjunction with proportional to the 


theSun and gibbous tn its qua- gery. 
dratures, it is certain that it furrounds 
the Sun. 

And fince its diameter appears about 
five times greater, when in oppofition 
to the Sun, than when in conjunction 
therewith, and its diftance from the 
Earth is reciprocally as its apparent dia- 
meter, that diftance will be about 5 
times lefs, when in oppofition to, chan 
when 1n conjunction with, the Sun. But 
in both cafes its diftance from the Sun 
will be near about the fame with the 
diftance which is inferred from its gib- 
bous appearance in the quadratures. 
And as it encompaffes the Sun at almoft 
equal diftances, but in refpect of the 
Earth is very unequally diftant, fo by 
radii drawn to the Sun it defcribes 

area’s 
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area’s nearly uniform, but by radii 
drawn to the Earth, it ts fometimes 
fwift, fometimes ftationary, and fome- 
times retrograde. 

That Jupiter, in 2 higher otb thar 
Mars, is likewife revolved about the 
Sun, with a motion nearly equable, as 
well in diftance as in the area’s defcri- 
bed, I infer thus. 

Mr. Flamfteed affured me by letters; 
that all the eclipfes of the innermoft fa- 
tellite, which hitherto have been well 
obferved, do agree with his theory fo 
nearly, as never to differ therefrom by 
two minutes of time ; that in the ont- 
moft, the errour is little greater ; im the 


-outmoft but one, fcarcely three times 


greater ; that in the innermoft but one; 
the difference is indeed much greater; 
yet fo as to agree as nearly with his 
computations, as the Moon does with 
the common tables. And that he com- 
putes thofe eclipfes only from the mean 
motions corrected’ by the equation of 
light difcovered and introduced by Mr. 
Romer, Suppofing then that the theory 
differs by a lefs errour than that of 2° 
from the motion of the outmoft fatellite 
as hitherto defcribed ; and taking as the 
periodic time 164, 18 *®, 5’ 13” to a! 
in time, fo is the whole circle or 360° to 

3 the 
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the arc 1’ 48/'; the errour of Mr. Flam- 


fieed’s computation reduced to the fatel- 


lite’s orbit, will be lefs than 1/ 48//, that 
is, the longitude of the fatellite, as feen 
fron the center of Jupiter, will be de- 
termined with a lefs ertour thah 1’ 48//. 
But when the fatellite is in the middle of 
the fhadow, that longitude is the fame 
with the heliocentric longitude of Ju-’ 
piter. And therefore the hypothefis 
which Mr. Flamfleed follows, viz. the 
Copernican as improved by Kepler, and 
(as to the motion of Jupiter ) lately 
corrected by himfelf, rightly reprefents 
that longitude within a lefs errour than 
1! 48//, But by this longitude, toge- 
ther with the geocentric longitude, which 
is always eafily found, the diftance of 
Jupiter from the Sun is determined : 
Which tuft therefore be the very fame 
with that which the hypothefis exhibits. 
For that greateft errour of 1’ 48// thar 
can happen in the heliocentric longitude 
is almoft infenfible, and quite to be neg- 
le@ed, and perhaps may arife from fome 
yet undifcovered eccentricity of the fa- 
tellite. But when both longitude and 
diftance are rightly determined, it fol- 
lows of neceflity, that Jupiter by radii 
drawn to the Sun, defcribes area’s fo 

con- 
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conditioned as the hypothefis requires, 
that is, proportional to the times. 

And the fame thing may be conclu- 
ded of Saturn from his fatellice by the 
obfervations of Mr. Huygens and Dr. 
Halley, though a longer feries of obfer- 
vations is yet wanting to confirm the 
thing, and to bring it under a fufficiently 
exact computation. 


For if Jupiter was viewed from the 
Sun, it would never appear re- 
trograde nor ftationary, as it is 


our Planets is direc. feen fometimes from the Earth, 


ted, not to the Earth 
but to the Sun, 


but always to go forward with 
a motion nearly uniform. And 
from the very great inequality of its ap- 
parent geocentric motion, we infer that 
the force by which Jnpites is turned 
out of a redtilincar courfe and made to 
revolve in an orb, is not directed to the 
center of the Earth. And the fame ar- 
gument holds good in Mars and in Sa- 
turn. Another center. is therefore to 
be looked for, about which the a- 
rea’s defcribed by radii intervening, 
may be equable. And that thisis the 
Sun, we have proved already in Mars 
and Saturn nearly, but accurately e- 
nough in Jupiter, It may be alledged 
that the Sun and Planets are impelled 


by 
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by fome other force, equally and in 
the. direction of parallel lines. But by 
fuch a force no change would happen in 
the fituation of the Planets one to an- 
other, nor any fenfible effe@ follow ; 
but our bufinefS is with the caufes of 
fenfible effects. Let us therefore neglect 
every fuch force as imaginary and pre- 
carious, and of no ufe in the phenome- 
na of the heavens; and the whole re- 
maining force-by which Jupiter is im- 
pelled, will be dire@ted to the center of 
the Sun. The argument from analogy 
proves the fame thing in Mars and Sa- 
turn; and in Saturn, it may be made 
out dire@tly from its. fatellite by the ob- 
fervations of Mr. Huygens and Dr. Hal- 
sey, though a longer feries of obferva- 
tions is required for the confimation of 
its 

Tue diftances of the Planets from the 
Sun come out the fame, whe- 
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ther, with Fycho, we place the 
Earth in the center of the fyf- 
tem, or the Sun with Coper- 
necus: and we have already 
proved that thefe diftances are 
true in Jupiter. 


That the circum-fo- 
lar force throughout 
all the regions of 
the Planess decrea- 
feth in the duplicate 
proportion of the 
diftances from the 
Sun, 


Kepler and Bullialdus have, with 


great care, determined the diftances of 
the planets from.the Sun. And hence 
C2 it 
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it is that their tables agree beft with the 
heavens. And in all the Planets, in Ju- 
piter and Mars, in Saturn and the 
Earth, as well as in Venus and Mer- 
cury, the cubes of their diftances are as 
the {quares of their periodic times ; and 
therefore the centripetal circum-folar 
force, throughout all the planetary re- 
gions, decreafes in the duplicate propor- 
tion of the diftances from the Sun. In 
examining this proportion, we are to 
ufe the mean diftances, or the tranfverfe 
femi-axes of the orbits, and to neglect 
thofé little fra@tions, which, in defining 
the orbits, may have arofe from the in- 
fenfible errours of obfervation, ormay be 
afcribed to other caufes which we fhall 
afterwards explain. And thus we fhall 
always find the faid proportion to hold 
exactly. For the diftances of Saturn, 
Jupiter, Mars, the Earth, Venus and 
Mercury from the Sun drawn from the 
obfervations of Aftronomers, are, ac- 
cording to the computation of Kepéer, 
as the numbers 951000,$19650,1523 50, 
100000,72.400,38806 ; by the compu- 
tation of Bullzaldus, as the numbers, 
954198,5225 20,1523 50, 100000, 72398, 
38585, and from the periodic times 
they come out 953806,520116,1523995 


1000005 72333,38710. Their diftan- 


ces, 


see 
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ces, according to Kepler and Bullial- 
dus, {carcely differ by any fenfible quan- 
tity, and where they differ moft, the 
diftances drawn from the periodic times 
fall in between them. 


Tuat the circum-terreftrial force like- 
wife decreafes in the duplicate 
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i : That the circum-tere 
ae of the diftances, reftrial force decrea- 


thus I infer. fes in the duplicate 
: roportion of the 

The mean diftance of the Proportion O° fie 
Moon from the center of the Earth proved in the 


Earth, is in femi-diameters of bypothefis of the 


the Earth, according to Pro- 
lomy, Kepler in his Ephemerides, Bul- 
hialdus, Hevelius and Ricciolus, 59 3 ac- 
cording to Flamfteed 593, according to 
Tycho 563, to Vendelin 60, to Copernt- 
C4¥s 603, to Kircher 62:- 

But Tycho and all that follow his ta- 
bles of refraction, making the refracti- 
ons of the Sun and Moon (altogether 
againft the nature of light) to exceed 
thofe of the fixed Stars, and that by a- 
bout four or five minutes in the hori- 
zon, did thereby augment the horizon- 
tal parallax of the Moon, by about the 
like number of minutes, that is, by a- 
bout the 12th or rsth part of the whole 
parallax. Corre¢t this errour,and the dif- 
fance will become 60 or 61 femi-diame- 

aus C 3 ters 


Earth's being at reft. 
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ters of the Earth, nearly agreeing with 
what others have determined. 

Let us then affume the mean diftance 
of rhe Moon, 60 femi-diameters of the 
Earth, and its periodic time in refpect 
of the fixed Stars, 274. 75. 43’, as 
Aftronomers have determined it. And 
a body revolved in our air, near the fur- 
face of the Earth fuppofed at reft, by 
means of a centripetal force, which 
fhould be, to the fame force at the dif- 
tance of the Moon, in the reciprocal du- 
plicate proportion of the diftances from 
the center of the Earth, that is, as 3603 
to 1; would (fecluding the refiftance of 
the air) compleat a revolution in x h. 
24/6 27!!, : . | | 

Suppofe the circumference of the 
Earth to be 123249600 Parts feet, as 
has been determined by the late menfu- 
ration of the French: and the fame bo- 
dy, deprived of its circular motion, and 
falling by the impulfe of the fame cen- 
tripetal force as before, would, in one 
fecond of time, defcribe 15 ~ Paris 
feet. re 

This we infer by a calculus, and it 
agrees with what we,obferve in all bo- 
dies about the Earth. For by the expe- 
riments of pendulums, and a computa- 


tion 
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tion raifed thereon, Mr. Huygens has 
demonftrated that bodies falling by all 
that centripetal force, with which (of 
whatever nature it is) they are impelled 
near the furface of the Earth, do, in one 
fecond of time, defcribe 153, Paris 
feet. | 


But if the Earth is fuppofed to move, 
the Earth and Moon together 


23 


The fame proved in 


will be revolved about their the hy pothefis of the 


common center of gravity, =ath’s motion. 


And the Moon will in the fame perio- 
dic time 27 4. 7®. 43’, with the fame cir- 
‘cum-terreftrial force, diminifhed in the 
duplicate proportion of the diftance, de- 
{cribe an orbit, whofe femi-diameter is 
to the femi-diameter of the former orbit, 
that is, to 60 femi-diameters of the Earth, 
the fum of both the bodies of the Earth 
and Moon to the firft of two mean pro- 
portionals between this fum and the body 
of the Earth ; that is, if we fuppofe the 


Moon (on account of its mean appa-— 


rent diameter 31 :/) to be about ,£ of the 
Earth, as 43 to o/c. 42 X43]. OF as a- 
bout 128 to 127. And therefore the 
femi-diameter of the orbit, that is, the 
diftance between the centers of the 
Moon and Earth, will inthis cafe be 60 ¢ 
f{emidiameters of the Earth, almoft the 
{ame with that affigned by Copernicus, 
ta C4 which 
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which the Tychonic obfervations by ne 
means difprove. And therefore the dy- 
plicate proportion of the decrement of 
the force holds good in this diftance. 
I have neglected ‘the increment of. the 
orbit, which arifes from the a@ion of 
the Sun, as inconfiderable. But if that is 
fubducted, the true diftance will re- 
main, about 604 femidiameters of the 
Earth. : whe Seere!l | 


Bur further, this proportion of the 

The decrement of decrement of the forces is con- 
Hci pkpatnon ae firmed from the eccentricity of 
the diftances from the Planets, and the very flow 
aah weet rom motion of their apfes. For in 
the eccentricity of no other proportion, could the 
the Planstiaa paste Prearetelas planets, ‘once in 
ery flow motion of eat Ye ge ee r 
their apfes. every revolution defcend to 
ic their leaft and once afcend to their 
greateft diftance from the Sun, and the 

places of thofe diftances remain immo- 

vable. A fmiall efrour from the dupli- 

cate proportion, would produce a mo- 

ion of the apfes, confiderable in every 
revolution, but ia many enormous. - + 
’ But now after innumerable revolu- 
tions, hardly’any fuch ‘motion has beeh 
poresived in the ‘orbs’ of the circum-fo- 
ar planets. Some Aftronomers affirm, 
that there is no fuch motion, others rec- 
Kon it ng greater than what may eafily 
aie ae artfe 
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arife from the caufes hercafter to be af- 
figned, and is of no moment in the pre- 
fent queftion. | 
We may even negle& the motion of 
the Moon’s apfe, which is far greater 
than in the circum-folar planets, a- 
mounting in every revolution to three 
degrees. And from this motion it is 
demonftrable, that the circum-terreftrial 
force decreafes in no lefs than the du- 
plicate, but far lefs than the tripli- 
‘cate proportion of the diftance. For 
if the duplicate proportion was gradu- 
ally changed jnto the triplicate, the mo- 
tion of the apfe would thereby increafe 
to infinity ;.and therefore, by a very 
{mall mutation, would exceed the mo- 
tion of the Moon’s apfe. This flow 
motion arifes from the adtion of the 
circum-folar force, as we fhall afterwards 
explain. But fecluding this caufe, the 
apie or apogeon of the Moon will be 
fixed, and the duplicate proportion of 
the decreafe of the circum-terreftrial 
force in different diftances from the 
Earth, will accurately take place. 


Now that this proportion has been 
eftablifhed, we may compare Teese Pi = 
the forces of the feveral planets Drie on oa 
among themfelves. planets, The cir 
Jn the mean diftance of Ju- sumfolar very great, 


piter 
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piter from the Earth, the greateft elon- 


gation of the outmoft fatellire from Ju- 
piter’s center (by the obfervations of 
Mr. Flamfteed) is 8’ 13!!. And there- 
fore the diftance of the fatellite from the 
center of Jupiter, is to the mean diftance 
of Jupiter from the center of the Sun, 
as 124 to 52012, but to the mean dif- 
tance of Venus from the center of the 
Sun, as 124 to 7234. And their perio- 
dic times are 1634. and 22434 And 
from hence (according to Cor.2. Prop. 
4.) dividing the diftances by the fquares 
of the times, we infer that the force by 
which the fatellite is impelled towards 
Jupiter, is to the force by which Ve- 
nus is impelled towards the Sun, as 442 
to 143. And if we diminifh the force, 
by which the fatellite is impelled in 


the duplicate proportion of the diftance 


124 to 7234, we fhall have the circum- 
jovial force, in the diftance of Venus 
from the Sun, to the circum-folar force 
by which Venus is impelled, as ¢!; to 
¥43, Or aS XY to r100. Wherefore at 
equal diftances, the circum-folar force 
is I100 times greater than the circum- 
jovial. | 
And by the like computation, from 
the periodic time of the fatellite of Sa- 
turn 15°, 22:5, and its greateft elongation 
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fromSaturn,while that planet is in its mean 
diftance from us, 3! 20//; it follows 
that the diftance of this fatellite from 
Saturn’s center, is to the diftance of 
Venus from the Sun, as 92% to 7234; 
and from thence that the abfolute cir- 
cum-folar force is 2360 times greater 
than the abfolute circum-faturnial. 


From the regularity of the heliocen- 
tric and irregularity of the geo- 


2 


centric motions of Venus, of TX <itcum-terreftri- 


Jupiter, and the other planets, 
it is evident that the circum-terreftrial 
force, compared with the circum-folar, 
is very fmall. : 

Ricciolus and Vendelin have feverally 
tried to determine the Sun’s parallax, 
from the Moon’s dichotomies obferved 
by the telefcope, and they agrce that it 
does not exceed half a minute. | 

Kepler from Tycho's obfervations and 
his own, found the parallax of Mars 
infenfible, even in oppofition to the Sun, 
‘when that parallax is fomething greater 
than the Sun’s. 

Flamfteed attempted the fame paral- 
lax with the micrometer in the perigeon 
pofition of Mars, but never found it 
above 25’; and thence concluded the 
Sun’s parallax at moft ro/’. 

, | Whence 


al force very fmall, 
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Whence it follows that the diftance 
of the Moon from the Earth bears no 
greater proportion to the diftance of the 
Earth from the Sun, than 29 to 10000 3 
nor to the diftance of Venus from the 
Sun, than 29 to 7233. 3 

From which diftances, together with 
the periodic times, by the method a- 
bove explained it is eafy to infer, That 
the abfolute circum-folar force is greater 
than the abfolute circum-terreltrial force 
at leaft 229400 times. 

And though we were only certain, 
from the obfervations of Ricctosus and 
Vendelin, that the Sun’s parallax was 
lefs than half a minute, yet from this it’ 
will follow, that the abfolute circum-fo- 
lar force exceeds the abfolute circum- 
terreftrial force 8500 times. 


By the like Computations I happen- 
The apparent dia- €d to difcaver an analogy that 
meters of the pla- is obferved between the forces 
a and the bodies of the Planets. 
But before I explain this analogy, the 
pearent diameters of the Planets in 
their mean diftances from the Earth, 

mutt be firft determined. 
Mr. Flamfteed, by the micrometer, 
meafured the diameter of Jupiter 4c’” or 
4u//, the diameter of Saturn’s ring 50’, 
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and the diameter of the Sun about 32’. 
13". 

But ‘the diameter of Saturn is to the 
diameter of the ring, according to Mr. 
Huygens and Dr. Halley, as 4 to 9 ; ac- 
cording to Galletius, as 4 to 10; and 
according to Hook (by a telefcope of 60 
feet) 4s 5 to 12. And from the mean 
proportion 5 to 12, the diameter of Sa- 
turn’s body is inférred about 21". 


Sucn as we have faid are the appa- 
rent magnitudes. But becaufe 


2g 


The correation of 


of the unequal refrangibility of the apparent diame- 


light, all lucid points are dila- ‘*"* 
ted by the telefcope, and in the focus of 
the objective glafs poffefs a circular. 
Ipace, whofe breadth is about the soth 
part of the aperture of the glafs. 

It is trué, that towards the circumfe- 
rence, the light is fo rare as hardly to 
move the fenfe, but towards the middle, 
where it is of greater denfity, and is 
fenfible enough, it makes a fmall lucid 
circle, whofe breadth varies according to 
the fplendour of the lucid point, but is 
generally about the 3d, or 4th, or 5th 
part of the breadth of the whole. 


Let ABD reprefent the circle of the — 


whole light, P Q the {mall circle of the 
denfer and clearer light, C the penes of 
ofn ; 
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both; C A, CB femi-diameters of the 
greater circle containing a right angle 
atC; ACBE the fquare comprehend- 
ed under thefe femi-diameters, AB the 
diagonal of that fquare ; EGH an hy- 
perbola with the center Cand afymptotes 
C A, CB; P Ga perpendicular erected 
from any point P of the line BC, and 
meeting the hyperbola in G, and the 
right lines AB, AE in K and F: and 
the denfity of the light in any place P 
will, by my computation, be as the line 
FG, and therefore at the center infinite, 
but near the circumference very fmall. 
And the whole light within the {mall 
circle PQ is to the whole without, as 
the area of the quadrilateral figure 
CAKPto thetriangle PKB. And we 
are to underftand the {mall circle PQ to 
be there terminated, where F G the den- 
fity of the light begins to be lefs than 
what is required to move the fenfe. 
~ Hence it was that at the diftance of 
191382 feet, a fire of 3 feet in diameter, 
through a telefcope of 3 feet, appeared 
to Mr. Picart of $".in breadth, when it 
fhould have appeared only of 3". 14". 
And hence it is that the brighter fixed 
Stars appear through che releeibre, as 
of 5" or 6" in diameter, and that with a 
good 


\ 
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good full light, but with a fainter light: 


they appear to run out to a greater 
breadth. Hence likewife it was that He- 
velius, by diminifhing the aperture of 
the telefcope, did cut off a great part of 
the light towards the circumference, and 
brought the difc of the Star to be more 
diftin@tly defined, which though hereby 
diminifhed, did yet appear as of 5" or 
6" in diameter. But Mr. Huygens only 
by clouding the eye-glafs with a little 
{moak, did fo effeQually extinguifh this 
{cattered light, that the fixed Stars ap- 

eared as meer points, void of all fenfi- 

le breadth. Hence alfo it was chat 
Mr. Huygens, from the breadth of bo- 
dies interpofed to intercept the whole 
light of the Planets, reckoned their dia- 
meters greater than others have meafu- 
red them by the micrometer. For the 
fcattered light which could not be fecn 
before for the ftronger light of the Pla- 
net, when the Planet is hid appears 
every way further fpread. Laftly from 
hence it is that the Planets appear fo 
{mall in the difc of the aes so leffen- 
ed by thedilated light. For to Heveliuss. 
Galletius, and Dr. Halley, Mercury did: 
not feem to exceed 12" or 15". And. 
Venus appeared to Mr. Crabtrie only. 
VY. 3". to Horrox but 1/. 12”, though 


by 
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by the menfurations of Hevelius and 
Hugenius without the Sun’s difc, it 
ought to have been feen at leaft 1’. 24". 
Thus the apparent diameter of the 
Moon, which in 1684, a few days both 
before and after the Sun’s eclipfe, was 
meafured at the obfervatory of Paris 
31'. 30"; in the eclipfe it felf did not 
feem to exceed 30! or 30/. 05". And 
therefore the diameters of the Planets 
are to be diminifhed, when without the 
Sun, and to be augmented when within 
it by fome feconds. But the errours 
feem to be lefs than ufual in the menfu- 
rations that are made by the microme- 
ter. Sd from the diameter of the fha- 
dow, determined by the eclipfes of the 
fatellites, Mr. Flamffeed found that the 
diameter of Jupiter, was to the greateft 
elongation of the outmoft farellite as r 
to 24,903. Wherefore fince that elon- 
gation:is 8/. 13", the diameter of Jupi- 
ter will be 393"; and rejéfting the 
{cattered light, the diameter, found by 
the micrometer 40” or 41", will be re- 
duced to 39:. And the diameter of Sa- 
turn 21//, is to be diminifhed by the 
like correction, and to be reckoned 26" 
or fomething lefs. But (if I am not 
miftaken) the diameter of the Sun, be- 
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caufe of its {tronger light is to be dimi- 


nifh’d fomething more, and to be reck- 
ond about 32/. or 32/. 6!/, 


Tuat {6 near an. analogy fhould be 


a3 


found among bodies of magni- why the denfity i 
tudes fo different, is not with- greater infome ofthe 


out fome myftery. 


Planets, and !efs in 
others; but the for- 


It may be that the remoter ces inall are as their 
Planets, for want of heat; have quantiues of matter. 


not thofe metallic fubftances and pon- 
derous minerals with which our Earth 
abounds ; and that the bodies of Venus 
and Mercury; as they are more expofed 
to rhe Sun’s heat, are alfo hardet baked 
and more compact. . 

For from the experiment of the burn- 
ing glafs, we fee that the heat increafes 
with the denfity of light. And this 
denfity increafes in the reciprocal du- 
plicate proportion of the fiftance from 


the Sun. From whence the Sun’s heat 


in Mercury is proved to be feven-fold 
its heat in our fummer feafons. But 


with this heat our water boyls; and © 


thofe heavy fluids, quickfilver and the 
fpirits of vitriol, gently evaporate, as I 
have tryed by the thermometer. And 
therefore there can be no fluids in Mer- 
cury, but what are heavy, and able to 
bear a great heat, and from which fub- 

D ftances 
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ftances of great denfity may be now- 
rifh’d. 

And why ngt? if God has plac’d 
different bodies at different diftances 
from the Sun, fo as the denfer bodies 
always poffcfs the nearer places, aad 
each body enjoys a. degree of heat fuita- 
ble to its condition, and proper for its 
nourifhment. From this confideration 
it will beft appear that the weights 
of all the Planets are one to another as 
their forces. 

But I fhould be glad the diameters 
of the Planets were more accurately 
meafured. And that may be done, if a 
lamp, fet at a great diftance, is made to 
fhine through a circular hole, and 
both the holeand the light of the lamp are 
fo diminifhed that the ipe@rum may ap- 
pear through the telefcope juft like the 
Planet, and may be defined by the fame 
meafure. Then the diameter of the hole 
will be to its diftance from the objeRive 
glafs, as the true diameter of the Pla- 
net to its diftance from us. The light 
of the lamp may be diminifhed by the 
interpofition either of pieces of eloath: 
or of fmoaked glafs, 
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OF kin to the analogy we have been 


defcribing, there is another Another analogy 


obferve berween the forces 
d betwen the farces and and bodies ; proved 


the bodies attraéted. Since the in the celeltial bo- 


action of the centripetal force 4+. 

upon the Planets decreafes in the dupli- 
cate proportion of.the diftance, and the 
periodic time increafesin the fefquiplicate 
thereof, itis evident that the adtions of 
the centripetal force, and therefore the 
periodic times, would be equal in equal 
Planets, at equal diftances from the Sun; 
and in equal diftances of unequal Pla- 
nets, the total ations of the centripetal 
force would be as the bodies of the 
Planets. For if the aétions were not 
proportional to the bodies to be moved, 
they could not equally retra&t thefe bo- 
dies from the tangents of their orbs, and 
force them to revolve in equal orbs, in 
equal times. Nor could the motions of 
the fatellites of Jupiter be fo regular, if 


it was not that rhe circum-folar force — 


was equally exerted upon Jupiter and 
all ics fatellites in propartion of their fe- 
veral weights. And the fame thing is 
to be faid of Saturn in refped of its fa- 
tellire, and of our Earth in refped& of 
the Moon. And therefore at equal di- 
ftances, the action of the centripetal 
force is equal upon ali rhe Planets, in 

D 2 pro- 
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proportion of their bodies, or of the 
quantities of matter in their feveral bo- 
dies: and for the fame reafon muft be 
the fame upon all the particles of the 
{ame fize, of which the planet is com- 
pofed. For if the action was greater 
upon fome fort of particles than upon 
others then in proportion totheir quan- 
tity of matter, ic would be alfo greater 

~ or lefs, upon the whole Planets, not in 
proportion of the quantity only, but 
likewife of the fort of the matter 
more copioufly found in one, and 
more {paringly in another. 


In fuch bodies as are found on our 
Me Earth of very different forts, I 
baie examined this analogy with 
great accuracy. | 
If the action of the circumterreftrial 
force is proportional to the bodies to 
be moved, it will move them with equal 
velocity in equal times, and will make 
all bodies let fall to defcend through 
equal fpaces in equal times ; and all bo- 
dies hung by equal threads, to vibrate in 
equal times. If the action of the force 
was greater, the times would be lefs. If 
that was lefs, thefe would be greater, 
But-it has been long ago obferved by 
others, that ( allowance Hatin made for 
the 
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the fmall refiftance of the Air) all bo- 
dies defcend through equal {paces in 
equaltimes. And, by the help of pen- 
dulums, that equality of times may be 
diftinguifh’d to great exactnefs. 

I tryed the thing in gold, filver, Icad, 
glafs, fand, common falt, wood, water 
and wheat. I provided two equal 
wooden boxes. I filled the one with 
wood, and fufpended an equal weight of 
gold (as exactly as 1 could) in the 
center of ofcillation of the other. The 
boxes hung by equal threads of 11 feet, 
made a couple of pendulums pertectly 
equal in weight and figure, and equally 
expofed to the refiftance of the air. 
And placing the one by the other, I ob- 
ferved them to play together, forwards 
and backwards, for a long while, with 
equal vibrations. And thcrefore the 
quantity .of matter in the gold was to 
the quantity of matter in the wood, as 
the action of the motive.force upon all 
the gold, to the action of the fame «pon 
all che wood, that is, as the weight of 
the one to the weight of the other. 

And by thefe experiments, in bodies 
of the fame weight, I could have dif- 


covered a difference of matter, lefs than | 


the thoulandth part of the whole. 
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Since the action of the centripe- 


The affinity of thofe tal force upon the bodies at- 


analogies, 


And ccincidene:, 


tracted, is, at equal diftances, 
proportional to the quantiti¢és of mat- 
ter in thofe bodies; reafon requires 
that it fhould be alfo proportional to the 
guantity of matter in the body at- 
tracting. 

For all action is mutual, and makés 
the bodies mutually to approach one 
to the other, and therefore muft be the 
{ame in both bodies. It is true that we 
may confider one body as attracting, 
another as attracted. But this diftinQion 
is more mathematical than natural. The 
attraction is really common of either to 
as and therefore of the fame kind ip 

oth. 


Anp hence it is that the attractive 
force is found in both. The Sun 
attracts Jupiter and the other 
Planets. Jupiter attracts its fatellices. 
And for the farne reafon, the fatellires 


~ a@t as wellone upon another as upon 


Jupirer, and all the Planets matually 
one upon another. | 
And though the mutual actions of 
two Planets may be diftinguifhed and 
confidered as two, by which each at. 
tracts the qther; yet as thofe actions 
are 
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are intermediate,they don’t make two,but 
one operation between two terms. ‘Iwo 
bodies may be mutually attracted, each 
to the other, by the contraction of a 
cord interpofed. There is a double 
caufe of action, to wit, the difpofition 
of both bodies, as well as a double ac- 
tion in fo far as the action is confidered 
as upon two bodies. But as betwixt two 
bodies it is but one fingle one. ’Tis 
mot one action by which the Sun at- 
tracts Jupiter, and another by which Ju- 
pirer attracts the Sun, But it is one ac- 
tion by which the Sun and Jupiter mu- 
tually endeavour to approach each the 
ather. By the action with which the 
Sun attracts Jupiter, Jupiter and the Sun 
endeavour to come nearer together, 
and by the action, with which Jupiter 
attracts the Sun, likewife Jupiter and 
the Sun endeavour to come nearer to- 
gether. But the Sun is not attracted to- 
wards Jupiter by a two-fold action, nor 
Jupiter by a two-fold action towards 
the Sun: but ’tis one fingle interme- 


diate a@ion, by which both approach 


nearer together. 

Thus iron draws the load-ftone, as 
well as the load-ftone draws the iron. 
For all iron in the neighbourhood of the 
load-ftome draws other iron. But the 

D 4 action 
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action betwixt the load-{tone and iron 
is fingle, and is confidered as fingle by 
the philofophers, The action of iron 
upon the load-ftone is indeed the a@ion 
of the load ftone betwixt it felf and the 
iron, by which both endeavour to come 
nearer together. And fo it manifeftly 


appears. For if you remove the load- 


{tone, the whole force of the iron al- 
moft ceafes. 

In this fenfe it is that we are to con- 
ceive one fingle action to be exerted be- 
twixt two Planets, arifing from the con- 


fpiring natures of both. And this action ' 


ftanding in the fame relation to both, 
if it is proportional to the quantity of 
matter in the one, it will be alfo propor- 
tional to the quantity of matter in the 
other. 


Peruaps it may be objected, that 


That the forces of 2CcOrding to this philofophy, 
{mall bodies arein- all bodies fhould mutually at- 


fenfidle, 


tract one another, contrary 

to the evidence of experiments in ter- 
re{trial bodies. But I anfwer, that the 
experiments in terreftrial bodies come to 
no account. For the attractions of 
homogeneous fpheres near their furfaces, 
are as their diameters. Whence a {phere 
of one foot in diameter, and of a like 
nature 
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nature to the Earth, would artra& a 
{mall body plac’d near its furface witha 
force about 20000000 times lefs, than 
the Earth would do if placed near its 
furface. But fo fmall a force could pro- 
duce no fenfible effe&. If two fuch 
{pheres were diftant but by 4 of an inch, 
they would not even in {paces void of 
refiftance, come together by the force 
of their mutual attraction in lefs than a 
months time. And lefs fpheres will 
come together at a rate yet flower, viz. 
in the proportion of their diameters. 
Nay whole mountains will not be fuffi- 
cient to produce any fenfible effe@. A 
mountain of an hemifpherical figure, 
three miles high, and fix broad, will not 
by its attraction, draw the pendulum 
2 minutes out of the true perpendi- 
colar. And ’tis only in the great bo- 
dies of the Planets that thefe forces are 
to be perceiv’d, unlefs we may reafon a- 
bout fmaller bodies in manner follow- 


~ing. 


LET 
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Ler ABCD reprefent the globe 

of the Earth, cut, by any plane 

Which nopwithfiand- AC, into two parts ACB, 
tecding wowerds a and ACD. The part ACB 
terreftrial ves bearing upon the part ACD 
Panic: of eee pees ét with its whole weight. 
oc can the part ACD fal- 

tain this pereffure and continue ua- 
moved, if it is not oppofed by an equal 
contrary preffure. And therefore the 
parts equally pref$ each other by their 
weights, that is, equally attract each o- 

ther, and if {eparated and let go would 

fall towards each other with velocities 
reciprocally as the bodies. All which 

we may try and fee in the load-ftone, 

whofe 
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whofe attracted part does not propel! the 
part attracting, but is only {topped and 
fuftained thereby. 

Suppofe now that ACB reprefents 
fome {mall body on the Earth’s iis ; 
and becaufe the mutual attractions of 
this particle and of the remaining part 
of the Earth towards each other, are 
equal; but the attraction of the parti- 
cle towards the Earth (or its weight ) 
is as the matter of the particle (as we 
have proved by the experiment of the 
pendulums) the attraction of the Earth 
towards the particle, will likewite be as 
the matter of the particle. And therefore 
the attractive forces of all terreftrial bo- 
dies, will be as their feveral quantities 
of matter. 


T ne forces, which are as the matter 
in terreftrial bodies of all forms, 


43 


Prov’d that the fame 
and therefore are not mutable forces tend towards 


with the forms, muft be found the celeftial bodies. 


in all forts of bodies whatfo- 
ever, celeftial as well as terreftrial, and be 
in all proportional to their quantities of 
matter, becaufe among all there is no 
difference of fubftance, but of modes 
and forms only. But in the celeftial bo- 
dies, the fame thing is likewife proved 
thus. We have fhewed, that the ra 
2 Oo 


44 


OF THE SYSTEM 


of the circumfolar force upon all the 

Planets ( reduced to equal diftances ) is 

as the matter of the Planets ; That the 

action of the circumjovial force upon the | 
fatellites of Jupiter obferves the fame 

law ; and the fame thing is to be faid of 
the attraction of all the Planets towards 

every Planet. But thence it follows 

that their attractive forces are as their 

feveral quantities of matter. 


As the parts of the Earth mutually at- 


That from the furfae tract one another, fo do thofe 

peceaiiey Planets, of all the Planets. If Jupiter and 
g r ° ° 

theit forces decreafe its fatellites were brought toge- 


inthe duplicate; but, ther,and formed into one globe ; 
9 


reckoning inward, in 
the fimple proporti- 


without doubt, they would 


on of the diftances Continue mutually to attract 
from their centers. = Qne another as before. And on 


/ 


the other hand, if the body of Jupiter 
was broke into more globes, to be fure, 
thefe would no lefs atrraét one another 
than they do the fatellites now.From thefe 
attractions it is that the bodies of the 
Earth, and alf the Planets affe@ a {phe- 
rical figure, and that their parts cohere, 
and are not difperfed through the Ether. 
But we have before proved that thefe 
forces arife from the univerfal nature of 
matter, and that therefore the force of 
any whole globe is made up of the feveral 

} forces 
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forces of all its parts. And from thence 
it follows, that the force of every par- 
ticle decreafes in the duplicate propor- 
tion of the diftance from that particle ; 
and that the force of an entire globe, 
reckoning from the furface outwards 
decreafes in the duplicate, but reckon- 
ing inwards, in the fimple proportion 
of the diftances, from the centres, if 
the matter of the globe be uniform. 
And though the matter of the globe, 
reckoning from the center towards the 
furface, is not uniform; yet the de- 
creafe in the duplicate proportion of the 
diftance outwards would take place, pro- 
vided that difformity is fimilar in pla- 
ces round about at equal diftances from 
the center. And two fuch globes will 
attract one the other with a force de- 
creafing in the duplicate proportion of 
the diftance between their centers, 


WHEREFORE the abfolute force of 
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every globe es as the quantity The quantities of the 
of matter which the globe CON=- forcesand of the mo- 
tains. But the motive force by tions arifing in the 


which every globe is attracted 
towards another, and which, in terref- 
trial bodies; we commonly call their 
weight, is as the content under the 
quanties of matter in both globes apply. 
st e 


f 
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feveral cafes, 
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ed to the fquare of the diftance be- 
tween their centers ; to which force the 
quantity of motion, by which each globe 
in a given time will be carried towards 
the other, is proportional. And the 
acwelerative force, by which every globe 
according to its quantity of matter is 
attratted towards another, is as the. 
quantity of matter in that other globe 
applyed to the fquare of the diftance be- 
tween the centers of the two ; to which 
force, the velocity, by which the at- 
traéted globe will, in a given time, be 
carried towards the other, is proportio- 
nal. And from cthefe principles well 
underftood, it will be now eafy to de- 
termine the motions of the celeftial bo- 
dies among themielves. 


From comparing the forces of the 

MH hat all the Planets FP eanets one with another, we 
revolye about the have above feen that the cir- 
Sun. cum-folar does more than a 
thoufand times exceed all the reft. But 

by the action of a force fo great, it is 
unavoidable bur that all bodies withis, 

nay and far beyond, che bounds of 

the planetary fyftem, muft defcend di- 

rectly to the San, unlefs by other mo- 

tions they are impelled towards other 

parts. Nor is'our Earth to be excluded 

from 


‘ 
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from the number. of fuch bodies. For 
certainly the Moon is a body of the 
fame nature with rhe Planets, and fub- 
je& to the fame artractions with the 
other Planets, feeing it is by the circum- 
terreftrial force that it is retained in its 
orbit. But that the Earth and Moon are 
equally attracted towards the Sun, we 
have above proved: We have likewife 
before proved, that all bodies are fub- 
ject to the fame common laws of attrac- 
tion. Nay, fuppofing any of thofe bo- 
dies to be deprived of its circular mo- 
tion about the Sun, by having its diftance 
from the Sun we may find in what 
{pace of time it would, in its defcenr, 
arrive at the Sun ; to wit, in half that 

eriodic time, in which the body might 

e revolved at one half of its former 
diftance ; or, in a fpace-of time that is 
to the periodic time of the planer as 1 
to4+«/2. As that Vemus in its de- 
{cent would arrive at the Sun in the 
fpace of 40 days, Jupiter in the {pace 
of two years and one month; and the 
Earth aad Moon together in the fpace 
of 66 days and 19 hours. Bat face no 
fach thing happens, it muft needs be 
that thofe bodies are moved towards 
ether parts. Nor is every motion fufhi- 
cient for this purpofe. Jo hinder fach 


a 
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adefcent, 2 due proportion of velocity 
is required. And hence depends the 
force of the argument drawn from the 
retardation of the motions of the Pla- 
nets. Unlets the circum-folar force de- 
creafed in the duplicate ratio of their 
increafing flownels, the excefs thereof 
would foree thofe bodies to defcend to 
the Sun. For inftance, if the motion 
(ceteris paribus) was retarded by one 
half, the planet would be retained in its 
orb by one fourth of the former circum- 
folar force, and by the excefs of the 
other three fourths would defcend to the 
Sun. And therefore the Planets (Sa- - 
turn, Jupiter, Mars, Venus, and Mer-. 
cury) are not really retarded in theit 
perigees, nor become really ftarionary 
or regreflive with flow motions. All 
thefe are but apparent, and the abfo- 


* lute motions, by which the Planets 


continue to revolve in their orbits, are 
always direct and nearly equable. But 
that fuch motions are performed about 
the Sun, we have already proved ; and 
therefore the Sun, as the center of the 
abfolute motions, .is quiefcent. For we 


. can by no means allow quiefcence to 


the Earth, leaft the Planets in their pe: 
rigees fhould indeed be truly retarded, 
and become truly ftationary and regref 

five, 
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five, and fo for want of motion fhould 
defcend to the Sun. But fufther, fince 
the Planets (Venus, Mars, Jupiter and 
the reft) by radii drawn to the Sun de- 
{cribe regular orbits, and area’s (as we 
have fhewed) nearly and to fenfe pro- 
portional to the times ; it follows that 
the Sun is moved with no notable force, 
unlefs perhaps with fuch as all the Pla- 
nets are equally moved with, accord- 
ing to their feveral quantities of matter, 
in parallel lines, and fo the whole fy{- 
tem is transferred in right lines. Re- 
je@t that tranflation of the whole fy{tem, 
and the Sun-will be almoft quiefcent in 
the center thereof. If the Sun was re- 
volved about the Earth, and carried the 
other Planets round about it felf, the 
Earth ought to attract the Sun with 
a great force, but the circum-folar Pla- 
nets with no force producing any fenfi- 
ble effe@, which is abfurd. Add to 
this, that if hitherto the Earth, becaufe 
of the gravitation of its parts, has been 
placed by moft authors in the lowermoft 
region of the Univerfe ; now for better 
reafon, the Sun poffefled of a centripe- 
tal force exceeding our terreftrial gravi- 
tation a thoufand times and more, ought 
to be depreffed into the lowermoft place, 
and to be held for the center of the fyf- 

E tm. 
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tem. And thus the true difpofition of 
the whole fyftem will be more fully and 
more exactly underftood. 


Because the fixed Stars are quief- 
cent one in refpect of another, 


center of gravity of WE May confider the Sun, Earth 
all the Planets is and Planets as one ly ftem of 


quiefcent, That the 
Sun is agitated with 


bodies carried hither and thi- 


a very flow morion, ther by various motions among 


Thismotion defined, 


themfelves, and the com- 
mon center of gravity of all will ei- 
ther be quiefcent, or move uniformly 
forward in a right line: In which. cafe 
the whole fyftem will likewife move 
uniformly forward in right lines. But 
this is an hypothefis hardly to. be ad- 
mitted. And therefore fetting it afide, 
that common center will be quiefcent. 
And from it the Sun is never far remo- 
ved. The common center of gravity 
of the Sun and Jupiter falls on the fur- 
face of the Sun. And though all the 
Planets were placed towards the fame 
parts from the Sun with Jupiter, the 
common center of the Sun and all of 
them would fcarcely recede twice as far 
from the Sun’s center. And therefore 
though the Sun, according to the -vari- 


ous fituation of the Planets, is varioufly 
agitated and always wandering to and 


fro 
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fro with a flow motion of libration. yet 
it never recedes one entire diameter of 
its own body from the quiefcent center 
of the whole Syftem. But from the 


weights of the Sun and Planets above _ 


determined, and che fituation of all a- 
mong themfelves, their common center 
of gravity may be found, and this being 


given, the Sun’s place to any fuppoted 
time may be obtained. 


Asourt the Sun thus librated the 
other Planets are revolved in 
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That the Planets ne- 


elliptic orbits, and, by radii verthelefs arc revol- 
drawn to the Sun, defcribe a- ved in ellipfes, ha- 


; : ving their foci in 
rea’s nearly proportional to the the Sun; and by ra- 


; : dit drawn to the Sun 
times, as was explained before. 6 o"swn fo fh a 


If the Sun was quiefcent, andthe _ pertional 
other planets did not at mutu- "™**. 
ally one upon another, their orbits would 
be elliptic, and the area’s exa@ly propor- 
tional to the times. But che actions of 
the Planets among themfelves, compa- 
red with the actions of the Sun on the 
Planets, are of no moment, and pro- 
duce no fenfible errours. And thofe 
errours are lefs in revolutions about the 
Sun agitated in the manner but now de- 
{cribed, than if thofe revolutions were 
made about the Sun quiefcent, efpeci- 
ally if the focus of every orbit is placed 
E 2 in 


the 
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in the common center of gravity of all 
the lower included Planets : vsz. the fo- 
cus of the orbit of Mercury, in the cen- 
ter of the Sun ; the focus of the orbit of 
Venus, in the common center of gra- 
vicy of Mercury and the Sun ; the focus 
of the orbit of the Earth, in the common 
center of gravity of Venus, Mercury 
and the Sun ; and fo of the reft. And by 
this means the foci of the orbits of all 
the Planets except Saturn, will not be 
fenfibly removed from the center of the 
Sun, nor will the focus of the orbit of 
Saturn recede fenfibly from the com- 
mon center of gravity of Jupiter and 
the Sun. And therefore aftronomers 
are not far from the truth, when they 
reckon the Sun’s center the common 
focus of all the planetary orbits. In Sa- 
turn it felf, the errour thence arifing 
does not exceed 1’, 45//. And if its 
orbit, by placing the focus thereof in the 
common center of gravity of Jupiter 
and the Sun fhall happen to agree better 
with the phenomena, from hence all 
that we have faid will be farther con- 
firmed. 


Ir 
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Ir the Sun was quiefcent and the 
Planets did not a@ one on an- 6, 4. gimenfions 
other the aphelions and nodes of the orbits, and of 
of their orbits would likewilebe aspera 
quiefcent. And the longer axes: choiget 
of their elliptic orbits would be as the 
cubic roots of the fquares of their perio- 
dic times: And therefore from the gi- 
ven periodic times would be alfo given. 
But thofe times are to be meafured not 
from the equinodtial points, which are 
moveable ; but from the firft Star of 
Aries. Put the femi-axe of the Earth’s 
orbit 100000, and the femi-axes of the 
orbits of Saturn, Jupiter, Mars, Venus, and 
Mercury, from their periodic times will 
come out 95 3806,5 201 16,1523 69,723 335 
38710 relpectively. But from the Sun’s 
motion every femi-axe is encreafed by 
about one third of the diftance of the 
Sun’s center from the common center 
of gravity of the Sun and Planet. And 
from the actions of the exteriour Planets 
on the interiour, the periodic times of 
the interiour are fomething pponacied 
though fcarcely by any fenfible quin- 
tity ; and their aphelions are transfer- 
red by very flow motions in con/equen- 
tia. And on the like account the pe- 
riodic times of all, efpecially of the ex- 
teriour Planets, will be prolonged by 

E 3 the 
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the actions of the comets, if any fuch 
there are, without the orb of Saturn, 
and the aphelions of ali will be thereby 
carried forwards in confequentia. But 
from the progrefs of the aphelions, the 
regrefs of the nodes follows. And if 
the plain of the Ecliptic is quiefcent, the 
regrefs of the nodes will be to the pro- 
ereis of the aphelion in every orbit, as 
the regrefs of the nodes of the Moon's 
orbit to the progreis of its apogseon near- 
ly, that is,as about roto 21. But aftro- 
nomical obfervations feem to confirm 
a very flow. progrefs of the aphelions, 
and a regrefs of the nodes in refpe& of 
the fixed Stars, And hence it is pro- 
bable, that there are comets in the regi- 
ons beyond the Planets, which revol- 
Vv. 3 in very eccentric orbs, quickly fly 
though their perihelion parts, and by 
an exceeding flow motion in their aphe- 
lions, {pend almoft their whole time ia 
the regions beyond the Planets; as we 
fhall afterwards explain more at large. 


Ixe Planets thus revolved about 


A\: che motions of the Sun; mey ot the fame 
the Moon thathave time carry others revolving a- 


hitherto been ob- 
ferved hy aftrono. 


bout themfelyes as fatellites or 


mers, derived from Moons. But from the a@tion 
eas rria- of the Sun, our Moon mutt 


ciples. 


move with greater velocity, 
| and, 
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and, by a radius drawn to the Earth, 
defcribe an area greater for the time ; it 
muft have its orbit lefs curve, and there- 
fore approach nearer to the Earth, in 
the fyzygies than in the quadratures, 
except in fo far as the motion of eccen- 
tricity hinders thofe effeéts. For the 
eccentricity is greateft when the Moon’s 
apogzon is in the fyzygies, and leaft 
when the fame is in the quadratures ; 
and hence it is that the perigeon-Moon 
is {wifter and nearer to us, but the apo- 
gzeon-Moon flower and farther from us, 
in the fyzygies than in the quadratures. 
But further, the apogzon has a progref- 
five, and the nodes a regreffive motion, 
both unequable. For the apogzon is 
more {wiftly progreflive in its fyzygies, 
more flowly regreffive in its quadratures, 
and by the excefs of its progrefs above 
its regrefs is yearly transferred in confe- 
quentia: but the nodes are quiefcent in 
their fyzygies, and moft fwiftly regref- 
five in their quadratures. But further 
ftill, the greateft latitude of the Moon is 
greater in its quadratures than in its fy- 
zygies; and the mean motion {wifter 
in the aphelion of the Earth than in its 
perihelion, More inequalities in the 
Moon’s motion have not hitherto been 
taken notice of by aftronomers. But 

E 4 all 
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all thefe follow from our principles, and 
are known really to exift in the heavens. 
And this may be feen in chat moft in- 
genious, and, if I miftake not, of all the 
moft accurate, hypothefis of Mr. Hor- 
rox, which Mr. Flamffeed has fitted 
to the heavens. But the aftronomical 
hypothefes are to be corrected in the 
motion of the nodes. For the nodes 
admit ‘the greateft equation or proftha- 
pherefis in their octants, and this ine- 
quality is moft confpicuous, when the 
Moon is in the nodes, and therefore 
alfo in the oftants. And hence it was 
that Zycho and others after him referred 
this inequality to the octants of the 
Moon, and made it menftrual. But the 
reafons by us adduced prove chat it 
ought to be referred to the oants of 
the nodes, and to be made annual. 


Besipe thofe inequalities taken no- 

tice of by aftronomers, there 

As alfo fome other i) 
unequable motions are yet fome others, by which 
tiat nicherto have the Moon’s motions are fo dif- 
not been obferved. turbed, that hitherto by no 
Jaw could they be reduced to any cer- 

tain regulation. For the velocities or 
horary motions of the apogee and nodes 

of the Moon, and their equations, as 

well as the difference betwixt the great- 

eft 
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eft eccentricity in the fyzygies and the 
Jeaft in the quadratures, and that inequa- 
lity which we call the variation, in the 
progrefs of the year are augmented and 
diminifhed in the triplicate ratio of the 
Sun’s apparent diameter. Befide chat, 
the variation is mutable nearly in the 
duplicate ratio of the time between the 
quadratures. And all thofe inequalities 
are fomething greater in that part of the 
orbit, which refpects the Sun, than in the 
oppofite part, but by a difference that 
is {carcely or not at all perceptible. 


By a computation which for bre- 
vities fake I don’t defcribe, car fe 
alfo find, that the area which he Moon trom the 
the Moon, by a radius drawn = Earth to any given 
to the Earth, defcribes in the i 
feveral equal moments oftime is nearly as 
the fum of the number 237,:, and verfed 
fine of the double diftance of the Moon 
from the neareft quadrature in a circle 
whofe radius is unity ; and therefore 
that the f{quare of the Moon's diftance 
from the Earth, is as that fum divided 
by the horary motion of the Moon. 
Thus it is when the variation in the oc- 
tants is in its mean quantity. But if 
the variation is greater or lefs, that ver- 
fed fine muft be augmented or se 
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ed in the fame ratio. Let aftronomers 
try how exact! the diftances thus found 
will agree with the Moon’s apparent 
diameters. | 


From the motions of our Moon we 
may derive the motions of the 


The motions of the : : 
fatellites of Jupiter Moons or Satellites of Jupiter 


and Saturn, derived and Saturn. For the mean moa- 
from the motions tign of the nodes of the out- 


of our Moon. 


moft fatellite of Jupiter is to 
the mean motion of the nodes of our 
Moon in a proportion compounded of 
the duplicate proportion of the periodic 
time of the Earth about rhe Sun, to the 
periodic time of Jupiter about the Sun, 
and the fimple peoporgon of the perio- 
dic time of the {atellite about Jupiter to 
the periodic time of our Moon about 
the Earth, and therefore thofe nodes, 
in the {pace of an hundred -years, are 
carried 8° 24’ backwards, or in ante- 
cedentia, The mean motions of the 
nodes of the inner fatellites are to the 
(mean) motion of (the nodes of) the 
outmoft as their periodic times to the 
periodic time of this, by the fame co- 
rollary, and are thence given. And the 
motion of the apfis of every {atellite in 
confequentia is to the motion of its 
nodes in antecedentia, as the motion 
of 
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of the apogee of our Moon, to the mo- 
tion of its nodes (by the fame corolla 
ry) and is thence given. The variation 
of a farellite feen trom Jupiter is to the 
variation of our Moon, in the fame 


proportion, as the whole motions of — 


their nodes refpeCively , during the 
times, in which the fatellice and our 
Moon (after parting from) are revolved 
(again) to the Sun by the fame corolla- 
ry ; and therefore in the outmoft fatel- 
lite the variation does not exceed 5//. 
12/11. From the {mall quantity of thofe 
inequalities and the flownefs of the mo- 
tions, it happens that the motions of 
_the fatellites are found to be fo regular, 
that the more modern aftronomers ei- 
ther deny all motion to the nodes, or 
ang? them to be very flowly regref- 
1ve. 


Waive the Planets are thus 
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aire That the Planets, i 
revolved in orbits aboutremote 6604 of the feed 


centers, in the mean time they Stars, are revolved 


5 . _ by equable motions 
make their feveral rotations a scr their proper 
bout their proper axes; the axes pe nga (per- 

3 ; . . baps) ¢ motions 
Sun, in 26 days; Jupiter, S Se ihe mot fir tor 
pf) ho 56; Mars, 10 242 a Venus, the equation of rime, 


in 23 *; and that in plains not 

much inclined to the plain of the E- 

¢liptic, and according to the order es 
| the 
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the figns, as aftronomers determine 
from the fpots or maculz, that by 
turns prefenc themfelves to our fight in 
their bodies. And there is a like revo- 
lution of our Earth performed in 24". 
And thofe motions are neither accele- 
rated nor retarded by the actions of the 
centripetal forces. And therefore of 
all others they are the moft equable and 
moft fit for the menfuration of time. 
But thofe revolutions are to be reckon- 
-ed equable, not from their return to 
the Sun but to fome fixed Srar. For as 
the pofition of the Planets to the Sun 
is unequably varied, the revolutions of 
thofe Planets from Sun to Sun are ren- 
dered unequable. 


In like manner is the Moon revolved 
about its axe by a motion moft 


That the Moon like- 
wife is revolved by 
a diurnal motion a- 
bout its axe, and thar 
its libration does 
thence arife. 


equable in refpect of the fixed 
Stars, viz. in 274, 7*. 43/. 
that is, in the {pace of a fyde- 
real month; fo that this diar- 
nal motion is equal to the mean 


motion of the Moon in its orbit. Up- 


on which account, the fame face of the 
Moon always refpects the center about 
which this mean motion is performed, 
that is, the exteriour focus of the Moon’s 
orbit nearly. And hence arifes a de- 


flexion 
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flexion of the Moon’s face from the 
Earth, fometimes towards the eaft, at 
other times towards the weft, accord- 
ing to the pofition of the focus which 
it refpects ; and this deflexion is equal 
to the equation of the Moon’s orbit or 
to the difference betwixt its mean and 
true motions. And this is the Moon’s 
libration in longitude. But it is like- 
wife affected with a libration in latitude 
arifing from the inclination of the 
Moon’s axe to the plain of the orbit in 
which the Moon is revolved about the 
Earth. For that axe retains the fame pofi- 
tion to the fixed Stars nearly, and hence 
the poles prefent themfelves to our view 
by turns : as we may underftand from 
the example of the motion of the Earth, 
whofe poles, by reafon of the inclination 
of its axe to the plain of the Ecliptic, are 
by turns illuminated by the Sun. To 
determine exactly the pofition of the 
Moon’s axe to the fixed Stars, and the 
variation of this pofition, is a problem 
worthy of an aftronomer. 


By reafon of the diurnal re- 
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Of the preceffion of 


volutions of the Planets, the 12° cguinoxes, and 


matter which they contain en- of the libratory mo- 


tion of the axes of the 
deavours to recede from the Te eet lenare 


axes of this motion ; and hence 


2 the 
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the fluid parts rifing higher towards 
the equator than about the poles, would 
Jay the folid parts about the equator 
under water, if thofe parts did not rife 
alfo. Upon which account the Planets 
are fomething thicker, about the equator 
than about the poles, and their equi- 
no@tial points thence become regreflives 
and their actions by a motion of nuta- 
tion, twice in every revolution librate 
towards their ecliprics, and twice re- 
turn again to their former inclina- 
tion. And hence it is that Jupiter, 
viewed through very long telefcopes, 
does not appear altogether round, but 
having its diameter that lies parallel 
to the Ecliptic, fomething longer than 
that which is drawn from north to 
fouth. 


Anp from the. diurnal motion 


That thd fea ought and the attraétions of the 


twice to flow, aud 
twice to ebb every Sun and Moon, one S ac ought 
day ; that the highe CWice to rife and twice to falf 
water muft fall our 

Nin arene © | day, as well Lunar as 


ter the appulfe of the Solar, and the gt eateft hight of 
luminaries totheme- the water to happen before the 


tidian of the place. 


7 fixth hour of either day, and 
after the twelfth hour preceding. By 
the flownefs of the diurnal motion, che 
flood is retracted to the 12th hour, 

: and 
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and by the force of the motion of reci- 
procation it is protracted and deferred 
till a time nearer to the fixth hour. But 
till chat time is more certainly deter- 
mined by the phenomena, choofing the 
middbe between thofe extreme:, why may 
we not conjecture the greateft height of 
the water to happen at the third hour ? 
for thus the water will rife all that time 
in which the force of the luminaries to 
raife it is greater, and will fall all chat 
time in which their force is lefs ; viz. 
from the 9% ro the 3° hour that force is 
greater, and from the 34 to theg" it is 
lefs. ‘The hours I reckon from the ap- 
pulfe of each luminary to the meridian 
of the place, as well under as above the 
horizon ; and by the hours of the lu- 
nar day I underftand the 24" parts of 
that time, which the Moon {pends be- 
fore it comes about again by its apparent 
diurnal motion to the meridian of the 
place, which ic left che day before, 


But thetwo motions which the two 
luminaries raife will not ap- that the greatet 
pear diftinguifhed, but will make tides happen in the 

fyzygies of the lumi. 
naries, the Jeaft in their quadratures : and that at the third hour 
after the appulfe ofthe Moon tothe meridian of the ate: But 
that out of the fyzypies and quadratures thofe greateft and leaft 
tides deviate a little from that third hour towards the third hour 
after the appulfe of the Sun to the meridian. 
a 
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acertain mixt motion. In the conjun- 
ction cr oppofition of the luminaries, 
their forces will be conjoined and bring 
on the greateft flood and ebb. In the 
quadratures the Sun will raife the wa- 
ters which the Moon depreffeth, and de- 
prefs the waters which the Moon rai- 
fech, and from the difference of their for- 
ces,the fmalleft of all tides will follow. 
And becaufe ( as experience tells us ) the 
force of the Moon is greater than that 
of the Sun, the greateft height of the 
water will happen about the third lunar 
hour. Out of the fyzygies and qua- 
dratures the greateft tide, which by the 
fingle force of the Moon ought to fall 
out at the third lunar hour, and by the 
fingle force of the Sun at the third fo- 
Jar hour, by the compound forces of 
both muft fall out in an intermediate 
time that approaches nearer to the third 
hour of the Moon than to that of 
the Sun: And therefore while the Moon 
is pafling from the fyzygies to the qua- 


- dratures, during which time the 34 hour 


of the Sun precedes the 34 of the Moon; 
and that by the greareft interval a little 
after the octants of the Moon; andb 

like intervals, the greateft tide will fol- 
low the 34 lunar hour, while the Moon 
is pafling from the quadratures to the 
fyzygies. Bur 
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: Bu : the ee of the luminaries 

epend upon their diftances ‘oe 
from seer For when ae vhen fee 
they are lefs diftant, their ef- minaries ate in their 
feéts are greater, and when P™8° 

more diftant their effeéts are lefs, and 

that in the triplicate proportion of their 
apparent diameters, Therefore it is that 

the Sun in the winter time, being then 

in its perigee, has a greater effect, and 

makes the tides in the fyzygies fome- 

thing greater, and thofe in the quadra- 

tures fomething lefs than in the fummer 

feafon ; and every month the Moon, 

while in the perigee, raifeth greater tides 

than ac the diftance of 15 days before 

or after, when it iS in its apogee, 
Whence it comes to pafS that two high- 

eft tides do not follow one the other, in 

two immediately fucceeding fyzygies. 


Tue effe& of either luminary doth 
likewife depend upon its decli- rat the tides are 
nation or diftance from the greateft about the e 
equator. For if the luminary %"%*: 
was placed at the pole, it would con: 
ftantly attra all the parts of the wa- 
ters, without any intenfion or remiffion 
of its action, ahd could caufe no recis 
procation of motion. And therefore as 
the luminaries decline from the equa. 

F tor 
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tor towards either pole, they will by de- 
grees lole their force, and on this account 
will excite leffer rides in the folftitial than 
in the equinoctial fyzyiges. But in the fol- 
ftitial quadratures, they will raife greater 
tides than in the quadratures about the 
equinoxes; becaufe the force of the Moon, 
then firuated in the equator,moft exceeds 
the force of the Sun. Therefore the 
greateft tides fall out in thofe fyzygies, 
and the leaft in thofe quadratures ; which 
happen about the time of both equinox- 
es. And the greateft tide in the fyzy- 
gies is always fucceeded by the leaft 
tide in the quadratures, as we find by 
experience. But becaufe the Sun is leis 
diftant from the Earth in winter than in 
fummer, it comes to pafs that the 
greatelt and leaft tides more frequently 
appear before than after the vernal equi- 
nox; and more frequently after, than 
before the autumnal. | 


Moreover the effects of the Iu- 

That outof the equa. Baries depend upon the lati- 
cr the Gdesnare ctudess.0f places. Let APEP 
sage and lefs al- reprefent the Earth, on all 
ata fides covered with deep wa- 
ters; C its center ; P, p its poles; AE 

the equator; F any place without the 
equator ; F f the parallel of the place; 

D 4 the correfpondent parallel on the 

other 
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other fide of thé equator; L the place 
which the Moon poffefs’d three ees 
before ; H the place of the Earth di- 
reGtly under it; 4 the oppofite place; 
K, & the places at go degrees diftance ; 
CH, CA the greateft heights of the Sea 
from the center of the Earth,and C K,C &, 
the leaft heights: and if with the axes 
H 4, K &, an ellipfe is defcribed, and 
by the revolution of that ellipfe about 
its longer axe H 4, a {pheroidH PK 
b p & is formed; this fpheroid will near- 
ly reprefent the figure of the Sea; and 
CF, Cf CD, C 4, will reprefent the 
re of the Sea in the places F, f, D, 

. But further, if in the faid revolution 
of the ellipfe any point N defcribes the 
circle N M, cutting the parallels Ff, 
D din any places R, T, and the equa- 
F 2 tor 
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tor AE inS; CN will reprefent the 
height of the Sea in all thofe places, 
R, S, T, fituated in this circle. Where- 
fore in the diurnal revolution of any 
place F, the greateft flood will be in F; 
at the 34 hour after the appulfe of the 
Moon to the meridian above the ho- 
rizon; and afterwards the greateft ebb 
in Q at the 3d hour. after the fetting 
of the Moon, and then the greateft flood 
in f, at the 3d hour after the appulfe of 
the Moon to the meridian under the hori- 
zon, and laftly the greateft ebb in Q, 
at the 34 hour after the rifing of the 
Moon ; and the latter flood in f, will 
be lefs than the preceding flood in F. 
For the whole Sea is divided into two 
huge and hemifpherical floods, one in 
the hemifphere kK 

fide, the other in the oppofite hemif- 
phere K H &£C, which we may there- 
fore call the northern and the fouth- 
ern floods. Thefe floods being always 


oppofite the one to the other, come by 


turns to the meridians of all places after 


the interval of r2 lunar hours. And - 


feeing the northern countries partake 
more of the northern flood, and the 
fouthern countries more of the fouth- 
ern flood, thence arife tides alternately 
greater and lefs in all places without the 
equator, in which the luminaries rife 

: | and 


H &C, on the north- - 
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and fer. - But the greater tide will hap- 
pen when the Moon declines towards 
the vertex of the place, about the 34 
hour after the appulfe of the Moon to 
the meridian above the horizon; and 
when the Moon changes its declinati- 
on, that which was the greater tide will 
be changed into a leffer, and the great- 
eft difference of the floods will fall out 
_ about the times of the folftices, efpecial- 
ly if the afcending node of the Moon is 
about the firft of Aries. So the morn- 
ing tides in winter exceed thofe of the 
evening, and the evening tides exceed 
thofe of the morning in fummer; at 
Plymouth by the heighth of one foot, 
but at Briffol by the heighth of 15 Inch- 
es, according to the obfervations of 
Colepre/s and Sturmy. 


Bur the motions which we have 
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been defcribing fuffer fome That by the confer. 
alteration from that force of preffed econ, pra 


reciprocation which the waters difference of the ides 
i : ° is diminifhed : an 
having once received, retain @ thee hence it may 


little while by their vss infita, happen that 


the 


: reateft menftrual 
Whence it comes to pafs that. 317 the third 


the tides may continue for fome after the fyzygy. 


time, though the actions of the luminaries 
fhould ceafe. This power of retaining 
the impreffed motion leffens the difte- 
rence of thealternate tides, and makes 

F 3 thofe 
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thofe tides which immediately fucceed 
after the fyzygies greater, and thofe 
which follow next after the quadratures 
lefs. And hence it is that the alternate 
tides at Plymoth and Briftol, do not dif- 
fer much more one from the other, than 
by the height of a foot or of 15 
inches, and that the greateft rides of all 
at thofe ports are not the firft but rhe 
third after the fyzygies. : 

And befides all the motions are re- 
tarded in their paflage through fhallow 
channels, fo that the greateft tides of 
all in fome ftreights and mouths of ri- 
vers, are the fourth or even the fifth 
after the fyzygies. . : 


It may alfo happen that the great- 
eft tide may be the fourth or 


the fea may be re- fifth after the fyzygies, or fall 
tarded by impedi- out yet later, becaule the ma- 


ments in its chan- 
nels, 


tions of the Sea are retarded in 
paling through fhallow places 
towards the fhores. For fo the tide 
arrives at the weftern coaft of Ireland 
at the third lunar hour, and an hour or 
two after, at the ports in the fouth- 
ern coaft of the fame Ifland, as alfo at 
the iflands Cafiterides commonly Sor- 
dings ; then fucceffively at Fasmouth, 
Plymouth, Portland, the ifle of Wight, 
Winchefler, Dover, the mouth of the 
Thames, 
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Thames, and London-Bridge, {pending 
12 hours in this paffage. But further 
the propagation of the tides may be ob. 
ftructed even bythe channels of the ocean 
it felf, when they are not of depth e- 
nough; for the flood happens at the 
third lunar hour in the Canary Iflands, 
and at all thofe weftern coafts that lie 
towards the Atlantic ocean,as of Ireland, 
France, Spain, and all Africa to the 
cape of Good-hope, except in fome fhal- 
low places, where it is impeded and falls 
out later ; and in the ftreights of Gib- 
raltar, where by reaion of a motion pro- 
pagated from the Mediterranean Sea it 
flows fooner. But paffing from thofe 
coafts over the breadth of the ocean to 
the coafts of America, the flood arrives 
firft at the moft eaftern fhoars of Bra/ile, 
about the fourth or fifth lunar hour, then 
at the mouth of the river of the 4ma- 
zons, at the 6th hour, but at the neigh- 
bouring iflands, ac the 4th hour ; after- 
wards at the iflands of Bermudas at the 
jth hour, and at port st. Augu/lin in 
Florida at 7:. And therefore the tide 
is propagated through the ocean with a 
flower motion than it fhould be accord- 
ing to the courfe of the Moon ; and this 
retardation is very neceffary, that the 
Sea at the fame time may fall between 
| Brafife and new France, and rife at the 
F 4 Cana- 
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Canary Vlands, and on the coafts of 


Europe and Africa, and vice verfa. Fer 
- the Sea cannot rife in one place but by 


falling in another. And it is vere 
that the Pacific Sea iis agitated by the 
fame laws. For in the coafts of Chs/s 
and Peru, the flood is faid to happen 
at the 3d lunar hour. But with what 
velocity it is thence propagated to the 
eaftern coafts of Fapan, the Philippine 
and other iflands adjacent to China, I 
have not yet learned. 


FARTHER it may happen, that the 


That from theimpe- tide may be propagated from 
diments of channels the ocean through different 
and fhoars, various 

phenomena do a- Channels towards the fame port, 


rife, as that the fea and a pafs quicker through 
a 


mnay flow but once 
every day. 


fome channels than through 
others, in which cafe the fame tide, di- 
vided into two or more fucceeding one 
another, may compound new motions 
of different kinds. Let us fuppofe one 
tide to be divided into two equal tides; 
the former whereof precedes the other 
by the {pace of 6 hours ; and happens 
at the 3d or 27th hour of the appulfe 
of the Moon to the meridian of the port. 
If the Moon at the time of this appulfe 
to the meridian was in the equator,ever 

fix hours alternately there would arile 
equal floods, which meeting with as ma- 


PY 
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ny equal ebbs, would fo ballance one 
the other, that for that day the water 
would ftagnate and remain quiet. If 
the Moon then declined from the equa- 
tor, the tides in the ocean would be al- 
ternately greater and lefs as was faid. 
And from thence two greater and two 
leffer tides would be alternately propa- 
gated towards that port. But the two 

reater floods would make the greateft 

eight of the waters to fall out in the 
middle time betwixt both, and the great- 
er and leffer floods would make the 
waters to rife to a mean height in the 
middle time between them, and in the 
middle time between the two leffer 
floods the waters would rife to their 
leaft heighth. Thus in the fpace of 24 
hours, the waters would come, not twice 
but, once only to their greateft, and once 
only to their leaft height; and their 
greateft height, if the Moon declined 
towards the elevated Pole, would hap- 
pen at the 6th or3d hour after the ap- 
pulfe of the Moon to the meridian, and 
when the Moon changed its declination 
this flood would be changed into an ebb. 


Of all which we have an example in | 


the port of Bat/bam, in the kingdom of 
Funguin, in the latitude of 20°. 50’ 
porth. Jn that port on the day which 


follows — 
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follows after the paflage of the Moon 
over the equator the waters ftagnate : 
When the Moon declines to the. north, 
they begin to flow and ebb, not twice as 
in other parts, but once only every 
day, and the flood happens at the fet- 
ting, and the greateft ebb at the rifeing 
of the Moon. This tide encreafeth 
with the declination of the Moon, till 
the 7th or 8th day, then for the 7th or 
8th day. following, it decreaferh at the 
fame rate as it had increafed before, and 
ceafeth when the Moon changeth its de- 
clination. After which the flood ‘is 
immediately changed into an ebb; and 
thenceforth the ebb happens at the -fet- 
ting, and the flood at the rifing of the 
Moon ; till the Moon again changes its 
declination, There are tw6 inlets from 
the ocean to this port ; one more direc 
and fhort between the ifland Hasan 
and the coaft of Quentung, a province 
of China; the other round about be- 
tween the fame ifland and the coaft of 


Cochim : And through the fhorter paf- 


fage the tide is fooner propagated ta 
Batfham. ie 


In 
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In the channels of rivers, the inflox 
and reflux depends upon the : 
current ofthe rivers, which ob- 7fitthetimes ofthe 
ftructs the ingrefs of the waters nels of rivers are 
from the Sea, and promotes 7°. i ue 
their egrefs to the Sea, making 
the ingrefs later and flower, and the 
egrefs fooner and fafter. And hence it is, 
that the reflux is of longer duration than 
the influx, efpecially far up the rivers, 
where the force of the Sea is lefs. So 
Sturmy tells us, that in the river Avon 
3 miles below Briffo/, the water flows 
only 5 hours, but ebbs feven. And 
without doubt the difference is yet great- 
er above Briffol, as at Carefbam or the 
‘Bath. This difference does likewife de- 
pend upon the quantity of the flux and 
reflux. Forthe more vehement motion 
of the Sea near the fyzygies of the lu- 
minaries more eafily overcoming the 
refiftance of the rivers, will make the 
ingrefs of the water to happen fooner 
and to continue longer, and will there- 
fore diminifh this difference. But while 
the Moon is approaching to the fyzy- 
gies, the rivers will be more plentifully 
filled, their currents being obftrudted by 
the greatnefs of the tides, and there- 
fore will fomething more retard the re- 
flux of the Sea a little after, than a little 
} before 
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before the fyzygies. Upon which ac- 
count the en: tides re will not 
h in the fyzygies, but prevent 
ees little. AAT oblerved above, 
that the rides before the fyzygies were 
alfo retarded by the force of the Sun. 
And from both caufes conjoined, the re- 
tardation of the tides will be both great- 
er and fooner before the fyzygies, All 
which I find to be fo, by the tide-tables 
which Flamfteed has compofed from a 
great many obfervations. 


By the laws we have been defcribing, 


Se 


That the tides are 
greater in greater 
and deeper Seas , 
greater on the fhores 
of continents than 
of iflands in the mid. 
dle of the Sea ; and 
greaterin fhallow 

ays that open with 
Wide inlets to the Sea. 


the times of the tides are go- 
verned. But the greatnefs of 
the tides depends upon the 
oreatnefs of the Seas. Let C 
reprefent the center of the 
Earth, E A D B the oval fi- 
gure of the Sea, C A the long- 
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er femiaxe of this oval, C B the fhort- 
er infifting at right angles upon the for- 
mer, D the middle point between A and 
B, and ECF or eCf the angle at the 
center of the Earth, fubtended by the 
breadth of the Sea that terminates in the 
fhores E, F; ore, f’ Now fuppofing 
that the point A is in the mes e be- 
tween the et E, F, and the point D 
in the middle between the points ¢, f; 
if the difference of the heights C A, CB 
reprefent the quantity of the tide ina 
very sa Sea furrounding the whole 
Earth; the excefs of the height C A 
above the height C E or CF, will re- 
prefent the quantity of the tide in the 
middle of the Sea E F terminated by the 
fhores E,F: and the excefs of the height 
Ce above the height Cf, will nearly 
reprefent the quantity of the tide on the 
fhores of the ate Sea. Whence it . 
pears that the tides are far lefs in the 
middle of the Sea, than at the fhores ; 
and that the tides at the fhores are 
nearly as E F the breadth of the Sea, not 
exceeding a quadrantal arc. And hence 
it is that near the equator, where the 
Seabetween Africa and America is nar- 
row, the tides are far lefs than towards 
either fide in the temperate Zones, 
where the Seas are extended wider, or on 


almoft 
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almoft all the fhores of the Pacific Seas 
as well towards: America as towards 
China, and within as well as without 
the tropicks ; and that in iflands in che 
middle of the fea they {carce rife highet 
than 2 or 3 feet, but on the fhores 
of great continents are 3 or 4 times 


_ greater and above, efpecially if the mo- 


tions propagated from the ocean are by 
degrees contracted into a narrow fpace, 
and the water, to fill and empty the 
bays alternately, is forced to flow and 
ebb with great violence through fhallow 
places; as at Plymouth and Chepflow- 


_ Bridge in England, at the mount of 


St. Michael and town of Avranches in 
Normandy, and at Cambaja and Pega 
in the Haft Indies. In which places, 
the fea hurried in and out with great 
violence, fometimes lays the fhores un- 
der water, fometimes leaves them dry 
for many miles. Nor is the force of 
the influx and efflux to be broke till it 
has raifed or depreffed the water to 40 
or 50 feet and more. Thus alfo long 
and fhallow ftreights that open to the 
fea with mouths wider and deeper than 
the reft of their channel, (fuch as thofe 
about Britain, and the Magellanic 
Streights at the eaftern entry) will have 
a greater flood and ebb, or will more 

intend 
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intend and remit their courfe, and there- 
fore will rife higher and be depreffed 
lower. On the coafts of South Ame- 
rica, ’tis faid that the Pacific Sea in its 
reflux fometimes retreats two miles, and — 
gets out of fight of thofe that ftand on 

oar. Whence in thefe places the 
floods will be alfo higher. But in 
deeper waters the velocity of influx and 
efflux is always lefs, and therefore the 
afcent and defcent is fo too. Nor in 
fuch places is the ocean known to a- 
{cend to more than 6, 8, or ro feet. The 
quantity of the afcent I compute in the 
following manner. 


Lex Q reprefent the Sun, S$ the 


Earth, P the Moon, PAGB the <p 
Moon’s orbit. In QP take QK to difturb the emote 
equal to QS and QL toQK ons of dn moon 
in the duplicate ratio of QK {cregoing Sraoten 
toQP. Parallel to PS draw 
LM; and fuppofing the mean sia 

o 
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of the circum-folar force directed to» 
wards the Earth to be reprefented by 
the diftance QS or QK, QL will re- 


| prefent the quantity thereof directed to- 


wards the Moon. But that force is 
compounded of the parts QM, LM ; 
of which the force LM, and that part 
of QM which is reprefented by SM do 
difturb the motion of the Moon (as 
is evident from mathematical reafon- 
ing). In fo far as the Earth and Moon 
are revolved about their common cer: 
ter of gravity, the Earth will be liable 
to the action of the like forces. But: 
we may refer the fums as well of the 
forces as of the motions to the Moon, 
and reprefent the fums of the forces, by 
the lines SM and ML, which are pro- 
portional to them. The force L M, in 
its mean quantity, is to the force by 
which the Moon may be revolved in an 


orbit about the Earth quiefcent at the 


diftance PS, in the duplicate ratio of 
the Moon’s periodic time about the 


_ Earth to the Earth’s periodic time about 


the Sun, that is, in the duplicate ratio of 
274.7. 43! to 3654, 64. of. or as 1000 
to 178725, or 1 to 178%. The force 
by which the Moon may be revolved 
about the Earth in reft, at the diftance 
PS of 60 femi-diameters of the Earth, 

is 
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is to the force of gravity on the Earth’s 
furface as 1 to 602 xX 604; andtherefore 
the mean force M L is to the force of gra- 
Vity as I to 60#X 604 X 178 ty. Whence 
the force SM will be alfo given from the | 
proportion of the lines SM, ML. And 
thefe are the forces of the Sun, by which 
the Moon’s motions are difturbed. 


Ir from the Moon’s orbit we defcend 
to the Earth’s furface, thofe .,.,.... Pepe 
forces will be diminifhedin the to move the fea 
ratio of the diftances 604% and ‘computed. 
1; and therefore the force LM will 
then become 604x 604x 178!, x 60 4 
times lefs than the force ofgravity.But this 
force acting equally every where upon 
the Earth, will fcarcely effet any change 
on the motion of the Sea, and therefore 
may be neglected in the explication of 
that motion. The other force S M, in 
places where the Sun is vertical or in 
their nadir, is triple the quantity of the 
force ML, and therefore but 60 ¢x 60 # 
X 59 49 or 13184000 times lefs than the 
force of gravity. 


G Sup- 
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Suppose now ADBE to reprefent 
The height of the the fpherical furface of the 


tide under the equa- Earth, a@D&E the furface of 
tor, arifing from the 
force of the Sun, 


to which the Sun is vertical, B the place 
oppofite; D, E, places at 90 degrees 
diftance from the former; ACEm/dka 


right angled cylindric canal paffing thro’ 
the Earth’s center. ‘I he force SM in any 
place is as the diftance of the place from 
the plain DE, on which a line from A 
to C infifts at right angles, and therefore 
in the part of the canal which is repre- 
fented by EC/m, is of no quantity ; but 
in the other part AC Z&, is as the gra 

vity 


the water over-fpreading it, C 
compued. the center of both, A the place > 
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vity at the feveral heights. For in de- 
{cending towatds the center of the 
Earth, gravity is every where as the 
height. And therefore the force SM 
drawing the water upwards will dimi- 
nifh its gravity in the leg AC/& of the 
canal in a given ratio ; upon which ac- 
count the water will afcend in this leg, 
till its defect of gravity is fupplyed by 
its greater height, nor will ic reft in an 
equilibrium, till its total gravity becomes 
equal to the total gravity in EC /m the 
other leg af the canal. Becaufe the gra- 
vity of evefy particle is as its diftanceé 
from the Earth’s center, the weight of 
the whole water in either leg will in- 
creafe in the duplicate ratio of the 
height ; and therefore the height of the 
water in the leg AC/& will be to the 
height thereof in the leg C/mE in 
the fubduplicate ratio of the number 
13184001 to 13184000, or in the ratio 
of the number 26374001 to 26374000, 
and the height of the water in the leg 
EC /mto the difference of the heights, 
as 26374000 to 1. But the height in 
the leg EC/m is of 19615843 Paris feet; 
as has been lately found by the men- 
furation of the French. And therefore 


By the preceding analogy, the difference 


of the heights comes out 9 inches of 
Gi the 
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the Paris foot ; and the Sun’s force will 
make the height of the Sea at A to ex- 
ceed the height of the fame at Eby 9 
inches. And though the water of the 
canal ACEm/& be fuppofed to be fro- 
zen into a hard and rae confiftence, 
yet the heights thereof at A and E, 
and all other intermediate places would 
{till remain the fame.. 


Ler Aa reprefent that excefs of 


The heicht of the Ucight of nine inches at A, and 
tides under the paral. 4 f the excefs of height at any 
Jels, arifing trom the other place 4; and upon DC 


Sun's force 


ted, 


ycome™” Jet fall the perpendicular fG, 
meeting the globe of the Earth 


e 


iG £ 


D 


inF. And becaufe the diftance of the 
Sun is fo great that .all the right lines 
drawn. 
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drawn thereto may be confidered as 
parallel, the force SM in any place 
F, will be to the fame force in the place 
A, as the fine FG to the radius AC. 
And therefore fince thofe forces rend to 
the Sun in the direction of parallel lines, 
they will generate the parallel heights 
Ff, Aa inthe fame ratio; and there- 
fore the figure of the water Dfaed 
will be a {pheroid made by the revolu- 
tion of an ellipfe about its longer axe 
a6. And the perpendicular height £4 
will be to the oblique height F f as fG 
to fC, oras FGto AC: and therefore 
the height fis to the height A 2 in the 
duplicate ratio of FG to AC, that is, 
in the ratio of the verfed fine of double 
the angle DC f to double the radius, 
and is thence given. And hence to the 
feveral moments of the apparent revo- 
lution of the Sun about the Earth, we 
may infer the proportion of the afcent 
‘and defcent of the waters at any given 
place under the equator, as well as of 
the diminution of that afcent and de- 
fcent, whether arifing from the latitude 
of places or fromthe Sun’s declination ; 
viz. That on account of the fatirude of 
places, the afcent and defcent of the fea 
is in all places diminifhed in the dupli- 

| G 3 :% cate 
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cate ratio of the co-fines of latitude ; and 
on account of the Sun’s declination, the 
afcent and defcent under the equator is 
diminifhed in the duplicate ratio of the 
co-fine of declination. And in places 
without the equator, the half fum of the 
morning and evening afcents ( that is, 
the mean afcent) is diminifhed nearly 
jn the fame ratio. 


Ler S and L refpectively reprefent 
| the forces of the Sun and Moon 


The proportion of 
the tides under the 
equator, in the fyzy- 
gies and quadratures, 
arifing from the joint 
forces of both Sun 
and Moon, 


placed in the equator, and at 
their mean diftances from the 
Earth, » the radius, ¢ and v the 
verted fines of doubie the com- 
plements of the Sun and Moon’s 


declinations to any given time, D and 
E the mean apparent diameters of the 
Sun and Moon: and, fuppofing F and 
G to be their apparent diameters to that 
given time, their forces to raile the 
tides under the equator will be, in the 
3 


f ce Us t 
fyayeies, See b+ py 
v G* er * 
arE* “— orp*. = 
And if the fame ratio is likewife obfer- 
ved under the parallels, from obferva- 
tions accurately made in our northern 
an ih) climates, 


S, in the 


quadratures, 
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climates, we may determine the pro- 
portion of the forces L and S; and then 
by means of this rule predi@ the quan- 
tities of the tides to every fyzygy and 
quadrature. 


Ar the mouth of the river von, 
three miles below Briflol, in 
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The force of the 


{pring aud autumn, the whole 405m to excite tiden 
afcent of the water in the con- and the height of the 


junction or oppofition of the 
luminaries (by the obfervation 
of Sturmy) is about 45 feet, but in the 


computed, 


quadratures only 25. Becaufe the ap- — 


parent diameters of the luminaries are 
not here determined, let us affume them 
in their mean quantities, as well as the 
Moon’s declination in the equinodctial 
quadratures, in its mean quantity, that 
is, 23:°; and the verfed fine of double 
its complement will be 1682, fuppofing 
the radius to be rooo. But the decli- 
nations of the Sun in the equinoxes and 
of the Moon in the fyzygies are of no 
quantity, and the verfed fines of dou- 
ble the complements are each 2000. 
Whence thofe forces become L + S in 


68 : 
the fyzygies, and — L — S inthe 
guadratures, refpectively proportional 


to the heights of the tides of 45 and 25 
' G4 feet, 


water thence arifing 
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feet, or of 9 and 5 paces. And there- 
fore multiplying the extremes and the 


BAP ri 
means we have 5 L+5S= spe L 


28000 

138 
But further, I remember to have been 
told, that in fummer the afcent of the 
fea in the fyzygies, is to the afcent 
thereof in the quadratures as about 5 to 
4. In the folftices themfelves it is pro- 
bable that the proportion may be fome- 
thing lefs, as about 6 to 5 ; whence it 
would follow that L is = 53S. [For 
6 1682 


eee S. 
then the pS eer 2000 


—oS, o L= S=5 iS. 


59 9 3 8? 5] Till we can 


more certainly determine the propor- 
tion from obfervation, let us ature 
L=5;S; and fince the heights of 
the tides are as the forces which excite 
them, and the force of the Sun is able 
to raife the tides to the height of nine 
juches, the Moon’s force will be fuffi- 
cient to raife the fame to the height of 
four feet. And if we allow that this 
height may be doubled, or perhaps tri- 
pled by that force of reciprocation 

STE CN 
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which we obferye in the motion of the 
waters, and by which their motion once 
begun is kept up for fome time, there 
will be force enough to generate all thar 
quantity of tides, which we really find 
in the ocean. : 


Tuus we have feen that thefe forces 
are fufficient to move the fea. 
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That thofe forces of 
But, fo far as I can obferve, 7hstthols lores of 


they will not be able to pro- are (carce fenfible by 


duce any other effe& fenfible sy other effeé be- 
h. fj h fide the tides which 
on our Earth. For fince the they raife in the fea. 


weight of one grain in 4000 

is not fenfible in the niceft ballance; 
and the Sun’s force to move the tides is 
13187000 lefs than the force of gra- 
vity ; and the fum of the forces of both 
Moon and Sun, exceeding the Sun’s 
force only in the ratio of 6;to 1, is ftill 
above 2000000 times lefs than the force 
of gravity; it is evident that both for- 
ces together are soo times lefs than 
what is required fenfibly to increafe or 
diminifh the weight of any body in a 
ballance. And therefore they will not 
fenfibly move any fufpended body ; nor 
will they produce any fenfible effe& 
on pendulums, barometers, bodies fwim- 
ming’ in {tlagnant water, or in the like 
ftatical experiments. 1n the atmofphere 
ie Ree ase indeed 
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indeed they will excite fuch a flux and 
reflux as they do in the fea, but with 
fo {mall a motion that no fenfible wind 
will be thence produced. 


Ir the effeéts of both Moon 


that the body of the and Sun in raifing the tides, as 
t6 time ; : ; 
more denfe than the Well as their apparent diameters 


body of the Sun. were equal among themfelves, 


their abfolute forces would be 
as their magnitudes. But the effect 


of the Moon is to the cffe& of the Sun . 


as about 5} to 1; and the Moon’s dia- 
meter lefs than the Sun’s in the ratio of 
31; tO 322 or of 45 to 46. Now the 
force of the Moon is to be increafed in 
the ratio of the effet dire@tly, and in 
the triplicate ratio of the diameter in- 
verfely. Whence the force of the Moon 
compared with its magnitude will be to 
the force of the Sun compared with its 
magnitude in the ratio compounded of 
5% to x, and the triplicate of 45 to 46 
inverfely, that is, in the ratio of about 5 f 
tor. And therefore the Mocn in re- 
{pect of the magnitude of its body, has 
an abfolute centripetal force greater than 
the Sun in refpect of the magnitude of 


its body, in the ratio of 52s to x, and | 


is therefore more denfe in the fame ra- 
tio. | 
IN 
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In the time of 27 4. 7*. 43’. in which 
the Moon makes its revolution t : 
about the Earch, a Planet may sombeedtiien ike 
be revolved about the Sun at Earth ina ratio of 
the diftance of 18,954 diame- °°? ‘°* 
ters of rhe Sun from the Sun’s center, 
fappofing the mean apparent diameter 
of the Sun to be 32%’. And in the 
fame time the Moon may be revolved 
about the Earth at reft, at the diftance 
of 30 of the Earth’s diameters. If ‘in 
both cafes the number of diameters was 
the fame, the abfolure circum-terreftrial 
force would be to the abfolute circum- 
folar force as the magnitude of the Earth 
to the magnitude of the Sun. Becaufe 
the number of the Earth’s diameters is 
greater in the ratio of 30 to 18,954, the 
body of the Earth will be lefs in the tri- 
plicate of that ratio, that is, in the ra- 
tio of 33£to 1. Wherefore the Earth’s 
force, for the magnitude of its body, is 
to the Sun’s force, for the magnitude of 
its body, as 33$to 1, and confequently 
the Earth’s denfiry to the Sun’s will be 
in the fame ratio. Since thenthe Moon’s 
denfity is to the Sun’s denfity as 5% 
to 1, the Moon’s denfity will be to the 
Earth’s denfity as 57 tO 34%, Or as 23 
to 16. Wherefore fince the Moon’s 
magnitude is to the Earth’s aa oe 
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as about 1 to 41+, the Moon’s abfolute 
centripetal force will be to the Earth’s 
abfolute centripetal force as about 1 to 
29, and the quantity of matter in the 
Moon to the quantity of matter in the 
Earth in the fame ratio. And hence 
the common center of gravity of the 
Earth and Moon is more exactly deter- 
mined than hitherto has been done. 
From the knowledge of which we may 
now infer the Moon’s diftance from the 
Earth with greater accuracy. But I 


- would rather wait till the proportion of 


the bodies of the Moon and Earth one 
to the other is more exactly defined 
from the phenomena of the tides, hop- 
ing that in the mean time the circumfe- 
rence of the Earth may be meafured 
from more diftant ftations than any bo- 
dy has yet employed for this purpofe. 


I'yys Ihave given an account of 


the fyftem of the Planets. As to 
F the dift , 
ihe BxedSarn, the fixed Stars, the fmallnefs 


of their annual parallax proves 

them to be removed to immenfe diftan- 
ces from the fyftem of the Planets. 
Thar this parallax is lefs than one mi- 
nute is moft certain; and from thence 
it follows that the diftance of the fixed 
Stars is above 180 times greater than the 
. | diftance 
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diftance of Saturn from the Sun. Such 
as reckon the Earth one of the Planets 
and the Sun one of the fixed Stars, may 
remove the fixed Stars to yet greater 
diftances by the following arguments. 
From the annual motion of the Earth 
there would happen an apparent tranf- 
pofition of the fixed Stars, one in re+ 
{pe& of another, almoft equal to their 
double parallax. But the greater and 
nearer Stars, in refpect of the more re- 
mote which are only feen by the tele- 
fcope, have not hitherto been obferved 
to have the leaft motion. If we fhould 
fuppofe that motion to be but lefs than 
20! the diftance of the nearer fixed 
Stars would exceed the mean diftance of 
Saturn by above rooo times. Again, 
the difc of Saturn, which is only 17!’. 
or 18”. in diameter, receives but about 


*___. of the Sun’s light. Forfo - 


2100000000 

much lefs is that. difc than the whole 
fpherical furface of the orbit of Saturn. 
Now if we fuppofe Saturn to reflect a- 
bout 3 of this light, the whole light re- 
flected from its illuminated hemifphere 


will be about of the whole 


I 

; 200000000 
light emitted from the Sun’s hemi- 
{phere. 
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fphere. And therefore fince light is ra- 
refied in the duplicate ratio of the dif- 
tance from the luminous body, if the 
Sun was 100007/ 42 times more diftant 
than Saturn, it would yet appear as lu- 
cid, as Saturn now does without its ring, 
that is, fomething more lueid than a fix- 
ed Star of the firft magnitude. Let us 
therefore fuppofe that the diftance from 
which the Sun would fhine as a fixed 
Star exceeds that of Saturn by about 
roooo times, and its apparent diameter 
will be 7%. 16%%. and its parallax arifing 
from the annual motion of:the Earth 
13”, And fo great will be the diftances 
the apparent diameter, and the parallax, 
of the fixed Stars of the firft magnitude 
in bulk and light equal to our Sun. 
Some may perhaps imagine that a great 
part ofthe light of the fixed Stars is in- 
tercepted and loft in its paflage through 
fo vaft fpaces, and upon that account 
pretend to place the fixed Stars at near- 
er diftances. But at this rate the remo- 
ter Stars could be fcarce feens Suppofeé 
for example that 4 of the light sefiihe in 
its paflage from the neareft fixed Stars 
to us, and 3 will twice perifh in its paf- 
fage through a double fpace, thrice thro” 
a triple, and fo forth. And therefore the 
fixed Stars that are at a double diftance 

| will 
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will be 16 times more obfcure, vz. 
4 times more obicure on account of the 
diminifhed apparent diameter; and a- 
again, 4 times more on account of the 
loft light. And by the fame argument, 
the fixed Stars at a triple diftance, will 
be 9 x 4X 4 or 144 times more obfcure, 
and thofe at a quadruple diftance will 
be 15% 4X 4X4 Or 1024 times more 
obicure. But fo great a diminution of 
light isno ways confiftent with the phz- 
nomena and with that hypothefis which 
places the fixed Stars at different diftan- 
ces, 


Tue fixed Stars being therefore at 
fach yaf{t diftances from one 


95 


another, can neither atrract each That the Comets as 
often as they become 


other fenfibly, nor be attracted vifible to us, 


are 


by our Sun. But the Comets nearer, than Jupiter. 
roved from their 


muft unavoidably be a@ed on parallax in longitude. 


by the circum-folar force. For 
asthe Comets were placed by aftrono- 
mers above the Moon becaufe they 
Were found to have no diurnal parallax ; 
fo their annual parallax is a convincing 
proof of their defcending into the regi- 
ons of the Planets. For all che Comets 
which move in a direct courle, accord- 
ing to the order of the figns, about the 
end of their appearance become nore 
than 
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than ordinarily flow, or retrograde, if 
the Earth is between them and the Sun; 
and more than ordinarily fwift, if the 
Earth is approaching to a heliocentric 
oppofition with them. Whereas on the 
other hand, thofe which move againft 
the order of the figns towards the end 
of their appearance, appear fwifter than 
they ought to be if the Earth is between 
them and the Sun ; and flower, and per- 
haps retrograde, if the Earth is in the 
other fide of its orbit. This is occafi- 
oned by the motion of the Earth in dif- 
ferent fituations. If the Earth go the 
fame way with the Comet, with a {wift- 
er motion, the Comet becomes. retro- 
grade ; if with a flower motion, the Co- 
met becomes flower however ; and if 
the Earth move the contrary way, it be- 
comes {wifter. And by collecting the 
differences between the flower and 
{wifter motions, and the fums of the 
more fwift and of the retrograde moti- 


ons, and comparing them with the fim 


ation and motion of the Earth from 
whence they arife, I found, by means 
of this parallax, that the diftances of the 
Comets at the time they ceafe to be vift- 
ble to the naked eye, is always lefs than 
the diftance of Saturn; and generally 
even lefs than the diftance of Jupiter. 

3 , THE 
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| Tue fame thing may be collected 
from the curvature of the way a1. cme proved 
of the Comets. Thefe bodies from their pti ee 
go on nearly in great circles in latimde. 
while their motion continues fwift ; but 
about the end of their courfe, when that 
part of their apparent motion, which a- 
rifes from the parallax, bears a greater 
proportion to their whole apparent mo- 
tion, they commonly deviate from thofe 
circles ; and when the Earth goes co one 
fide, they deviate to the other. And 
this deflexion, becaufe of its correfpond- 
ing with the motion of the Earth, mutt 
arife chiefly from the parallax ; and the 
quantity thereof is fo confiderable, as 
by my computation, to place the dif- 
appearing Comets a good deal lower 
than Jupiter. Whence it follows, that 
when they approach nearer to us in their 
perigees and perihelions, they often de- 
{cend below the orbits of Mars and the 
inferiour Planets. 


MoREOVER, this nearnefs of the 
‘Comets is confirmed by thean- tre fame proved 
‘nual parallax of the orbit, in fo otherwife by the pa- 
far as the fame is pretty nearly ‘"'* 
‘collected by the fuppofition that the 
Comets move uniformly in right lines. 

The method of collecting the diftance 
H 


of 
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of a Comet accordiag to this hypothe-. 


fis from four obfervations, (firft at- 
tempted by Kepler, and perfected by 
Dr. Wallss and Sir Chrift. Wren) is well 
known. And the Comets reduced to 
this regularity generally pafs through 
the middle of the planetary region. So 
the Comets of the years 1607 and 1618 
as their motions are defined by Kepéer, 
paffed between the Sun and the Earth ; 
that of the year 1664 below the orbit of 
Mars; and that in 1680 below the orbit 
of Mercury, as its motion was defined 
by Sir Chrifl. Wren and others. By a 
like reCtilinear hypothefis, Hevelsus 
laced all the Comets about which we 
five any obfervations, below the orbit 
of Jupiter. "Tis a falfe notion therefore, 
and contrary to aftronomical calculation, 
which fome have entertained, who from 
theregular motion of the Comets, either 
remove them into the regions of the 
fixed Stars, or deny the motion of the 
Earth; whereas their motions cannot be 
reduced to perfe& regularity, unlefs we 
fuppofe them to oe through the re- 
gions near the Earth in motion. And 
thefe are the arguments drawn from the 
parallax, fo far as ir can be determined 
without an exact knowledge of the or- 

bits and motions of the Comets. 
| THE 
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- THE near approach of the Comets is 
further confirmed frem the light 


From the light ofthe 


of their heads. For the light of Saf heads it is 

. : : roved thar they de. 
a celeftial body, iJluminated SY ee ie Bet 
the San, and receding to re- Saturn, Jupiter, and 


mote parts, is diminifhed in the ‘ve? of the Earth. 


quadruplicate proportion of the diftance, 
to wit, in one duplicate proportion on 
account of the increafe of the diftance 
from the Sun ; and in another duplicate 
Proportion, on account of the decreale 
of the apparent diameter. Hence it may 
be inferred, that Saturn being at a dou- 
ble diftance, and having its apparent 
diameter nearly half of that of Jupiter, 
muft appear about 16 times more obfcure ; 
and that if its diftance were 4 times 
greater, its light would be 256 times 
Jefs ; and therefore would be hardly per- 
ceivable to the naked eye. But now the 
Comets often equal Saturn’s light, with- 
out exceeding him in their apparent 
diameters. So the Comet of the year 
1678, according to Dr. Hook’s obferva- 
tions, equalled in brightnefs the light of 
a fixed Star of the firft magnitude, and 
its head, or the Star in rhe middle of the 
coma, appeared, through a telefcope of 
«5 foot, as lucid as Saturn near the hori- 
zon. But the diameter of the head was 
only 25//; that is, almoft the fame with 

H2 the 
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the diameter of a circle equal to Satarn 
and his ring. The coma or hair fur- 
rounding the head was about ten times 
as broad; namely, 43 min. Again, the 
leaft diameter of the hair of the Comet 
of the year 1682, obferved by Mr. F/am- 
feed with a tube of 16 foot, and meafu- 
red with the micrometer, was 2/. 0”. 
But the nucleus, or ftar in the middle, 
fcarce poffeffed the tenth part of this 
breadth, and was therefore only 11//. or 
12”. broad. But the light and clearnefs 
of its head exceeded that of the year 
1680, and was equal to that of the Stars 
of the firft or fecond magnitude. More- 
over, the Comet of the year 1665 in 
April, as Hevelius informs us, exceed- 
ed almoft all the fixed Stars in fplendor ; 
‘and even Saturn it felf, as being of a 
much more vivid colour. For this Co- 
met was more lucid than that which ap- 
peared at the end of the foregoing year, 
and was compared to the Stars of the 


-firft magnitude. The diameter of the 


coma was about 6/. but the nucleus, 
compared with the Planets by means of 
a telefcope, was plainly lefs than Jupiter, 
and was fometimes thought lefs, fome- 
times equal to, the body of Saturn with- 


inthe ring. To this breadth add that 


of the ring, and the whole face of Sa- 
rhe : turn 
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tarn will be twice as great as that of the 
Comet, with a light not at all more in- 
tenfe: and therefore the Comet was 
nearer to the Sun than Saturn. From 
the proportion of the nucleus to the 
whole head found by thefe obfervations, 
and from its breadth, which feldom ex- 
ceeds 8’ or 12/, it appears that the Srars 
of the Comets are moft commonly of 
the fame apparent magnitude as the 
Planets ; but that their light may be 
compared oftentimes with that of Sa- 
turn, and fometimes exceeds it.. And 
hence ’tis certain that in their perihelia 
their diftances can fcarce be greater than 
that of Saturn. At twice that diftance, 
thelight would be four times lefs, which 
befides by its dim palenefs would be as 
much inferiour to the light of Saturn, as 
the light of Saturn is to the fplendour of 


Jupiter. But this difference would be . 


eafily obferved. At a diftance ten times 
greater their bodies muft be greater than 
that of the Sun; but their light would 
be 100 times fainter than that of Saturn. 
And at diftances ftill greater their bodies 
would far exceed the Sun: but being in 
fuch dark regions, they muft be no lon- 
ger vifible. So impoffible is it to place 
the Comets in the middle regions be- 
tween the Sun and fixed Stars, account- 

H 3 ing 
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ing the Sun as one of the fixed Stars- 
For certainly they would receive no 
more light there from the Sun, than we 
do from the greateft of the fixed Stars. 

So far eee gone without confider- 
ing that obfcuration which Comets fuf- 
fer from that plenty of thick fmoak 
which encompaffeth their heads, and 
through which the heads always fhew 
dull as through a cloud. For by how 
much the more a body is obfcured by 
this fmoak, by fo much the more near 
it muft be allowed to come to the Sun , 
thar it may vie with the Planets in 
the quantity of light which it refleés, 
Whence it is probable that the Comets 
defcend far Rss the orbit of Saturn, as 
we proved before from their parallax. 
But above all, the thing is evinced from 
their tails, which muft be owing either 
to the Sun’s light reflected from a fmoak 
arifing from them and difperfing it felf 
through the Ather, or to the lights of 
their own heads. 

In the former cafe we muft fhorten 
the diftance of the Comets, leaft we be 
obliged to allow that the {moak arifin 
from their heads is propagated sHieoiet 
fuch a vaft extent of fpace, and with 
fuch a velocity of expanfion as will 
fecm altogether incredible. In the lat- 

ter 
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ter Cafe the whole light of both head 
and tail muft be afcribed to the central 
nucleus. But then if we fuppofe all this 
light to be united and condenfed within 
the difc of the nucleus, certainly the 
nucleus will by far exceed Jupiter it 
felf in iplendour, efpecially when it e- 
mits a very large and lucid tail. If 
therefore under a lefs apparent diameter 
it reflects more light, it muft be much 
more illuminated by the Sun, and there- 
fore much nearer to it. So the Comet 
that appeared Dec. 12. and 15.0. S. 
inno 1679, at the time it emitted a very 
fhining tail, whofe {plendour was equal 
to that of many Srars like Jupiter if their 
light were dilated and fpread through 
fo great a fpace, was, as to the magni- 
tude of its nucleus, lefs than Jupiter, (as 
Mr. Flamfteed obferved) and therefore 
was much nearer to the Sun. Nay, it 
‘was even lefs than Mercury. For on 
the 17th of that month when it was 
nearer to the Earth, it appeared to Ca/- 
fini through a telefcope of 35 foot a lit- 
tle lefs than the globe of Saturn. On 
the 8th of this month, inthe morning, 
Dr. Halley faw the tail, appearing broad 
and very fhort, and as if it rofe from the 
body of the Sun it felf, at that time 


very near its rifing. Its form was like 
H 4 that 
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that of an extraordinary bright cloud ; 
nor did it difappear till the Sun it felf 
began to be feen above the horizon. Its 
{plendour therefore exceeded the light 
of the clouds till the Sun rofe, and far 
furpaffed that of all the Stars together, 
as yielding only to the immediate bright- 
nefs of the Sun it felf Neither Mercu- 
ry, nor Venus, nor the Moon it felf 
are feen fo near the rifing Sun. Imagine 
all this dilated light collected together, 
and to be crouded into the orbit 
of the Comet’s nucleus which was 
Jefs than Mercury ; by its fplendour 
thus increafed, becoming fo much more 
confpicuous, it will yaftly exceed Mer- 
cury, and therefore muft be nearer to 
the Sun. On the 12th and rsth of 
the fame month this tail extending it 
felf over a much greater fpace, appeared 
more rare; but its light was ftill fo vi- 
gorous as to become vifible when the 
fixed Scars were hardly to be feen, and 
foon after to appear like a fiery beam 


ihining in a wonderful manner. From. 


its length, which was 40 or 50 deg. and 
its breadth of 2 deg. we may compute 
what the light of the whole muft be. _ 
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TI wis near.approach ‘of the Comets 
to the Sun is confirmed from | 
the fituation they are feen ing. (pot prored 
when their tails appear moft re- nary fplendour of 
fplendent. For when the head a tial 
paffes by the Sun and lies hid fe 
under the folar rays, very bright and 
fhining tails like fiery beams are faid to 
iffue from the horizon ; but afterwards 
when the head begins to appear, and is 
got farther from the Sun, that fplendour 
always decreafes and turns by degrecs . 
into a palenefs, like to that of the milky 
way, but much more fenfible at firfts 
after that vanifhing gradually. Such was 
that moft refplendent Comet defcribed 
by 4riffotle, Lib. 1. Meteor.6. ‘ The 
¢ head thereof could not be feen becaufe 
¢ it fet before the Sun, or at leaft was hid 
‘under the Sun’s rays ; but the next day 
it was feen as well as might be; forha- 
‘ving left the San but a very little way it 
‘fet immediately after it. And the {cat- 
‘tered light of the head obfcured by the 
‘too great fplendour (of the tail) did nor 
‘yet appear. Bur afterwards (fays 4ri- 
‘ flotle) when the f{plendour of the tail 
¢ was now diminifhed, (the head of) the’ 
« Comet recovered its native brightnefs, 
‘ And the fplendour of its tail reached, 
¢ now to athird part of the heavens: (thac. 
Gis is 
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is to 609.) ‘It appeared in the winter 
‘feafon, and rifing to Orson’s Girdle, 
‘there vanifhed away.’ Two Comets of 
the fame kind are defcribed by Fuftsn, 
lib. 37. which according to his account 
‘ fhined fo bright that the whole heaven 
¢ feemed to be on fire ; and by their great- 
‘ nefg filled up a fourth part of the hea- 
¢vens, and by their fplendour exceeded 
‘that of the Sun.’ By which laft words a 
near pofition of thefe bright Comets and 
the rifing or fetting Sun is intimated. 
We may add to thefe the Comet of the 
year 1101 or 1106, ‘the ftar of which 
was {mall and obfcure (like that of 1680) 
‘but the fplendour arifing from it ex- 
‘tremely bright, reaching like a fiery 
‘beam tothe Eaft and North,* as Heve- 
ius has it from Ssmeon the monk of 
‘Durham. It appeared at the beginning 
of February about the evening in the 
fourh-weft. From this and from the fi- 
tuation of the tail we may infer that the 
head was near the Sun. Matthew Paris 
fays, ‘ic was about one cubit from the 
‘Sun ; from the third’ { or rarher the 
fixth] ‘to the ninth hour fending out a 
‘long ftream of light.” The Comet of 
1264 in Fuly, or about the folftice, pre- 
ceded the rifing Sun, fending out its 
beams with a great light towasds the 
: weft 
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welt as far as the middle of the heavens. 
And at the beginning it afcended a little 
above the horizon ; but as theSun went 
forwards it retired every day farther 
from the horizon, till it paffed by the 
very middle of the heavens. It is {aid 
to have been at the beginning large and 
bright, having a large coma, which de- 
cayed from day to day. It is defcribed 
in Append. Matth. Parif, Hift. Ang. 
after chis manner. An. Chrifft 1265. 
‘there appeared a Comet fo wonderful, 
‘that none then living had ever feen the 
‘like. For rifing from the eaft with a 
‘ great brightnefs, it extended it felf with 
‘a great light as far as the middle of the 
‘ hemifphere towards the weft.’ The La- 
tin original being fomewhat barbarous 
and obfcure, ic is here fubjoined. 46 
ortente enim cum magno fulgore fur- 
gens, ufque ad medium hemifpherit 
ver fus occidentem, omnia perluciae per- 


trahebat. In the year 140% or 1402, 


the Sun being got below the horizon, 
there appeared in the weft a bright and 
fhining Comet fending out a tail upwards 
in fplendour like a flame of fire, and in 
form like a fpear, darting its rays from 
weft to eaft. When the Sun was funk 
below the horizon, by the luftre of its 
own rays it enlightned all the pore 
O 
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of the. Earth, not permitting the other 
Stars to fhew their light, or the fhades 
of night to darken the air, becaufe its 
light exceeded that af the others, and 
extended it felf to the upper part of the 
heavens, Sc. Hi/?. Byzant. Duc. Mich. 
Nepot. From the fituation of the tail 
of this Comet, and the time of its firft 
appearance, we may infer that the head 
was. then near the Sun, and wenr farther 
from him every day. For that Comet 
continued three months. In the year 
1527, Aug. rt. about four in the morn- 
ing, there was feen almoft throughout 
Europe, a terrible Comet in Leo, which 
continued flaming an hour and a quar- 
ter every day. Ir rofe from the eaft, 
and afcended ta the fouth and weft to a 
prodigious length. It was moft confpi- 
cuous to the north, and-irs cloud (that 
is its tail) was very terrible; having, 
according to the fancies of the vulgar, 
the form ofan arm a little bent, holding 
a {word of a vaft magnitude. In the 
year 1618, in the end of November, 
there began a rumour, that there appear- 
ed about Sun rifing a bright beam, which 
was the tail of a Comet, whofe head was 
as yet concealed within the brighmefs 


ofthe folar rays. On Nov. 24. and from 


that time the comet it felfappeared with 
a 
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4 bright light, its head and tail being 
extremely refplerident. The.length of 
the tail, which was at firft 20 or30 
deg. increafed till December 9. when it 
arofe to 75 deg. but with a light much 
more faint and dilute than at the begin- 
ning. In the year 1668, March 5. 
N.S. P. Valent. Effancius being in 
‘Brafile, faw a comet near the horizon 
in the fouth-weft. Its head was fmall, 
and fcarce difcernible, but its tail ex- 
tremely bright and refulgent, fo that the 
reflexion of it from the fea was eafily 
feen by thofe who ftood upon the. fhore. 
This great | teeta lafted but three 
days, decreafing very remarkably from 
that time. The tail at che beginning 
‘extended it felf from weft to fouth, and 
in a fituation almoft parallel to the ho- 
rizon, appearing like a fhining beam 23 
deg. in length. Afterwards the light de- 
creafing, its magnitude increafed till the 
Comet ceafed to be vifible. So that 
Caffins at Bologna faw it (Mar. ro. 11. 
12.) rifing from the horizon 32 deg. in 
length. In Portugal it is faid to have 
taken up a’ fourth part of the heavens, 
(that is, 45 deg.) extending it felf from 
weit to eaft with a notable brightnefs ; 
though the whole of it was not feen, be- 
caufe the head in this part of the world 
; always 
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always lay hid below the horizon. From 
the increafe of the tail it is plain that 
the head receded from the Sun, and was 
neareft to it at the beginning when the 
tail appeared brighreft. 

To all thefe we may add the comet 
of 1680, whofe wonderful {plendour ar 
the conjun@tion of the head with the 
Sun was above defcribed. But fo great 
a fplendour argues the comets of this 
kind to have really paffed near the foun- 
tain of light; efpecially fince the tails 
never fhine fo much in their oppofition 
to the Sun; nor do we read that fiery 
beams have ever appeared there. 


Last vy, the fame thing is inferred 
The fame proved {rom the light of af heads in- 
from the light of creafing in the recefs of the co- 
pane A mets from the Earth towards 
Scene comenear the Sun, and decreafing in their 
to the Sua, return from the Sun towards 
the Earth. For fo thelaft comet of the 
year 1665, (by the obfervation of He- 
velius) from the time that it was firft 
feen was always lofing of its apparent 
motion, and therefore had already paf- 
fed its perigee, yet the fplendour of its 
head was daily increafing, till being hid 
by the Sun’s rays, the comet ceafed to 
appear. The Comet of the year 1683, 
| b 
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(by the obfervation of the fame Heve- 
$#us) about the end of uly, when it 
firft appeared, moved at a very flow 
rate, advancing only about 40 or 45 
minutes in its orbit in aday’s time. But 
from that time its diurnal motion was 
continually upon the increafe till Sep- 
tember 4. when it arofe to about 5 de- 
grees. And therefore in all this inter- 
val of time the Comet was approaching 
tothe Earth. Which is likewifé proved 
from the diameter of its head meafured 
with a micrometer. For Auguf? the 6th 
_ Hevelins found it only 6/.5'". including 
the coma; which September 2. he obfer- 
ved 9/.7''. And therefore its head ap- 
peared far lefs about the beginning than 
towards the end of its motion, though a- 
bout the beginning, becaufe nearer to the 
Sun, it appeared far more lucid than to- 
wards the end, as the fame Hevelius 
declares. Wherefore in all this interval 
of time, on account of its recefs from 
the Sun, it decreafed in fplendour, not- 
withftanding its accefS towards the 
Earth. The comet of the year 1618, 
about the middle of December, and that 
of the year 1680, about the end of the 
fame month, did both move with their 
greateft velocity, and were therefore 
then in their perigees, But the greateft 

fplen- 


ir 
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fplendour of their heads was feen twd 
weeks before when they had juft got 
clear of the Sun’s rays. And the great- 
eft fplendour of their tails a little more 


early, when yet nearer to theSun. The 


head of the former Comet, according to 
the obfervations of Cy/atus, Dec. r. 


nH Wee greater than the Scars of the 
fir 


magnitude, but in the {plendour 
and brightnefs of its light, a great deal. 
Yan. 7. Kepler being uncertain about 
the head, left off obferving. Dec. 12. 


the head of the laft Comet was feen and 


obferved by Flamfteed at the diftance of 
9 degrees from the Sun; which a Star 
of the third magnitude could hardly 
have been. December 1§ and 17, the 
fame ‘appeared like a Star of the third 
magnitude, its {plendour being diminifh- 
ed by the bright clouds near the fetting 
Sun. Dec. 26. when it moved with the 
greateft fwiftnefs, and was almoft in its 
perigee, ic was inferiour to Os Pega/fi, 
a Star of the third magnitude. Fax. 3. it 
appeared like a Star of the fourth. ‘Fan. 9. 
like a Star of the fifth. Faz. 13. it difap- 
peared by reafon of the brightnefs of the 
Moon which was then in its increafe. 
Fan.25. it was {carce equal to the Stars 
of the feventh magnitude. If we take 
equal times on each hand of the perigee, 

i the 
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the heads placed at remote diftances 
would have fhined equally before and 
after, becaufe of their equal diftances 
from the Earth. That in one cafe they 
fhined very bright, and in the other 
vanifhéd, is to be aféribed to the near- 
nefs of the Sun in the firft cafe, and his 
diftance in the other. And from the 
great difference of the light in thefe two 
cafes, we infer its great nearnefs in the 
firft of them. For the light of the Co- 
mets ufes to be regular, and to appear 
reateft when their heads move the 
wifteft, and are therefore in their peri- 
gees ; €xcepting in fo far as it is increa- 
fed by their nearnefs to the Sun. 


Fromthefe things I at laft difcover- 
éd why the Comets frequent fo 5. i.e confirmed 
much the region of the Sun. If by the great number 
they were to be feen in the re- of Comets feen in 
the region of the Sun. 
gions a great way beyond Sa- 
turn, they muft appear oftner in thofe 
arts of the heavens that are oppofite to 
the Sun. For thofe which are in that fi- 
tuation would be nearer to the Earth; 
and the interpofition of the Sun would 
obfcure the others. Burt looking over 
the hiftory of Comets, I find that four 
or five times more have bees feen in the 
hemifphere toward the Sun, than in the 
J oppofite 
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oppofite hemifphere ; befides, without 
doubt, not a few which have been hid 
by the light of the Sun. For Comets 
defcending into our parts neither emit 
tails, nor are fo well illuminated by the 
Sun as to difcover themfelves to our 
naked eyes, till they are come nearer to 
us than Jupiter. But the far greater 
part of that {phzrical {pace, which is de- 
{cribed about the Sun with fo {mall an 
interval, lies on that fide of the Earth 
which regards the Sun, aad the Comets 
in that greater pert are more ftrongly il- 
luminated as being for the moft part 
nearer to the Sun. Befides, from the 
remarkable eccentricity of their orbits 
it comes to pafs that their lower apfides 
are much nearer to the Sun than if their 


revolutions were performed in circles. 


concentric to the Sun. 


Hence alfo we underftand why the 


This alfo confirmed, tails of the Comets, while their 


by the greater mag- 
nitude and fplendour 


heads are defcending towards 


of the tails after the the Sun, always appear fhort 


conjun@ion of the : F 
heads with the Sun, 204 rare, and are feldom faid to 


than before. - have exceeded 15 or 20 deg. in 


length ; but in the recefs of the heads 
from the Sun often fine like fiery beams, 
and foon after reach to 40, 50, 60, 70 
deg. in length, or more. This great 

Fe {fplendour 
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fplendour and length of the tails arifes 
from the heat which the Sun communi- 
cates to the Comet as it paffes near it. 
And thence I think it may be concluded 
that all the Comets that have had fuch 
tails have paffed very near the Sun. 


Hence alfo we may colle& that 
the tails arife from the atmof- 
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pheres of the heads. But we 15 the tails arife 


fromthe atmofpheres 


have had three feveral opinions of the Comes, 


about the tails of Comets. For 

fome will have it, that they are nothing 
elfe but the beams of che Sun’s light 
tranfmitred through the Comets heads, 
which they fuppofe to be tranfparent : 
others, that they proceed from the rc- 
fraction which light fuffers in paffing 
from the Comets head to the earth : and 
laftly, others, that they are a fort of 
clouds or vapour conftantly rifing from 
the Comets heads, and tending towards 
the parts oppofite to the Sun. The 
firft is che opinion of fuch as are yet un- 
acquainted with opticks. For the beams 
of the Sun are not feen in a darkned 
room, but in confequence of the light 
that is refleGted from them, by the lrele 


particles of duft and fmoak which are al- , 


ways flying about in the air. And 
henceit is, that in air impregnated with 
I 2 thick 
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thick fmoak they appear with greater 
brightmefs, and are more faintly and 
more difficultly feen in a finer air. But 
in the heavens, where there is no mat- 
ter to refie@ the light they are not to 
be feen at all. Light is not {een as it is 
in the beams, but as it is thence reflec- 
ted to oureyes. For vifion is not made 
but by rays falling upon the eyes ; and 
theretore there muft be fome reflecting 
matter in thofe parts where the tails of 
Comets are feen ; and fo the argument 
turns upon the third opinion. For that 
refie@ting matter can be no where found 
but in the place of the tail, becaufe 
otherwife, fince all the celeftial {paces 
are equally illuminated by the Sun’s 
light, no part of the heavens could ap- 
pear with more fplendour than another. 
The fecond opinion is liable to many 
difficulties. The tails of Comets are ne- 
ver feen variegated with thofe colours, 
which ever ule to be infeparable from 
refradtion. And the diftin@ tranfmiffion 
of the light of the fixed Stars and Pla- 
nets to us, is a demonftration that the 
ether or celeftial medium is not endow- 
ed with any refractive power. For as 
to what is alledged that the fixed Stars 
have been fometimes feen by the Eg yp- 
tians, environed with a coma or capil- 

litium, 
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litium, becaufe that has but rarely hap- 


pened, it is rather to be afcribed toa 


cafual refraction of clouds, as well as . 


the radiation and {cintillation of the fix- 
ed Stars to the refractions both of the 
eyes and air. For upon applying a tele- 
{cope to the eye, thofe radiations and 
{cintillations immediately difappear. By 
the tremulous agitation of the air and 
afcending vapours it happens that the 
rays of light are alternately turned afide 
from the narrow {pace of the pupil of 
the cye; bat no fuch thing can have 
place in the much wider aperture of the 
obje@t-glafs of a telefcope. And hence 
it is, that a {cintillation is occafioned 


in the former cafe, which ceafes in the 
Jatrer. And this ceffatian in the latter 


cafe is a demonftration of the regular 
tranfmiffion of light through the hea- 
vens without any fenfible refraction. 
But to obviate an objection that may be 
made from the appearing of no tail in 
fuch Comets as fhine but with a faint 
light, as if the fecondary rays were then 
too weak to affect the eyes, and for this 
reafon it is that the rails of the fixed 
Stars do not appear; we are to con- 
fider, that by the means of telefcopes 
the light of the fixed Scars may be aug- 


mented above an hundred fold, and yee 


| no 
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no tails are {cen That the light of the 
Planets is yet more copious without 
any tail, but chat Comets are feen fome- 
times with huge tails, when the light of 
their heads is but faint and dull. For fo 
it happened ip the Comet of the year 
1680, when in the month of December 
ic was fcarcely equal in light to the 
Stars of the fecond magnitude, and yet 
emitted a notable tail, extending to the 
length of 40°, 50°, 60°, or 70°, and 
upwards ; and afterwards on the 27th 
and 28th of Fasuary, when the head 
appeared but as a Star of the 7th mag- 
nitude ; but the tail, (as was faid above) 
with a light chat was fenfible enough 
though faint, was ftretched out to 6 or 
7 degrees in length, and'with a languifh- 
ing light, that was more difficultly feen, 
cven to 12°. and upwards. But on the 
oth and roth of feéruary, when to the 
naked -eye the head appeared no more 
through a telefcope, I yiewed the tail of 


2°. in length. But further, if the tail 


was owing to the refraction of the ce- 
leftial matter, and did deyiate from the 
oppofition of the Sun, according as 
the figure of the heavens requires ; 


that deviation, in the fame places of the’ 


heavens, fhould be always direéted to- 
wards the fame parts. But the Comet 
invl ot syors Higeet 
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of the year 1580 Dec. 284, 825, P.M. 
at London was feen in x 8°. 41! with 
latitude north 28°. 6/. while the Sun 
was in vs 18°.26/. And theComet of 
the year 1577, December 29, was in 
% 8°. 41/. with latirude north 28°. 40/. 
and the Sun as before in about 18°. 26!. 
In both cafes the fituation of the Earth 
was the fame, and the Comet appeared 
in the fame place of the heavens; yet 
in the former cafe the tail of the Comet 
(as well by my obfervations as by 
the obfervations of others ) deviated 
from the oppofition of the Sun to- 
wards the north by an angle of 43 de- 
grees, whereas in the latter there was 
(according to the obfervation of Tycho) 
a deviation of 21 degrees towards the 
fouth. The refraction therefore of the 
heavens being thus difproved, it remains 
that the phenomena of the tails of Co- 
mets muft be derived from fome reflect- 
ing matter. That vapours fafficient to 
fill fach immenfe a may arife from 
the Comets atmofpheres, may be eafily 
underftood by what follows, __ 

ae 
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Ir is well known that the air near the 
furface of our Earth poffeffes a 


pour in the celeftial {pace about 1200 times greater 


{paces is of an im- é : 
Peete rary: and than water of the fame weight. 
that a fmallquan:ity And therefore a cylindric co- 
ofvapourmay def Nimn of air 1200 feet high, is 
ficient to explain all : . “ 

the phenomena of ¢f equal weight with a cylin- 


the tailsofComets. dor of water of thefame breadth 


and but one foot high. But a cylinder 
of air reaching to the top of the at- 
mofphere is of equal weight with a 
cylinder of water about 33 foot high ; 
and therefore if from the whole cylin- 
der of air, the lower part of 4200 foot 
high is taken away, the remaining up- 
per part will be of equal weight with a 
cylinder of water 32 foot high Where- 
fore at the height of 1200 feet or two 
furlongs, the weight of the incumbent air 
is lefs, and confequently the rarity of 
the compreffed air greater than near the 
furface of the Earth in the ratio of 33 to 
32. And having this ratio. we may 
compute the rarity of the air in all 
places whatfoever, fuppofing the expan- 
fion thereof to be reciprocally propor. 
tional to its compreffion ; and this pro- 
portion has been proved by the experi- 
ments of Hook and others. The refule 
of the computation I have fet down in 
the following table, in the firft column 

of 
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of which you have the height of the air 
in miles whereof 4000 make a femi-dia- 
meter of the Earth; in the fecond the 
comprefiion of the air, or the incumbent 
weight; in the third its rarity or ex+ 
stot EEPPOHLOE gravity to decreafe 
in the duplicate ratio of the diftances 
from the Earth’s center. And the Latin 
numeral characters are here ufed for cer- 
tain numbers of ciphers, as 0,xvii 1224 
for ©,00Q000000000000001224, and 
2.6956xy for 26956000000000000000. 


AIR’S 
Height. Compreffion. Expanfion, 
0 [33 I 
5117,8515 | 1,8486 
101 9,6717 3.4151 
20] 2,852 11,571 
40| 052525 136,83 
400 | O,XVii 1224 [26956 xv 
4000| O,CV 4465 |73907 Cli 
40000} 0,Cxcii 1628 '20263 clxxxix 


ereae o,ccx 7895 (41798 cevii 
4000000! o,ccxii 9878 133414 ccix 


Infinite. | O,CCxii 6041154622 ccix 


But from this table it appears that the 
air, in proceeding upwards, is rarified in 
fach manner, that a fphere of that air 

| which 
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which is neareft to the Earth of but one 
inch in diametcr, if dilated with an e- 
qual rarefaction with that of the air at 
the h:cight of ten femidiameters of the 
Earth, would fill up more fpace than is 
contained in the whole heavens on this 
fide the fixed Stars, according to the 
preceding computation of their diftance. 
And though by reafon of the far grea- 
ter thicknefs of the atmofpheres of Co- 
mets, and the great quantity of the cir- 
cum-folar centripetal force it may hap- 
pen that the air in the celeftial fpaces, 
and in the tails of Comets, is not fo 
vaftly rarified ; yet from this computa- 
tion it is plain, that a very fmall quan- 
tity of air and vapour is abundantly fuffi- 
cient to produce all the appearances of 
the tails of Comets. For that they are in- 
deed ofa very notable rarity appears from 
the fhining of the Stars through them. The 
atmofphere of the Earth, illuminated by 
the Sun’s light, though but of a few 
miles in thicknefs, obfcures and extin- 
guifhes the light, not only of all the 
Stars, but even of the Moon it felf; 
whereas the fmalleft Stars are feen to 
fhine through the immenfe thicknefs of 
the tails of Comets, likewife illuminated 
by the Sun, without the leaft diminution 
ef their {fplendour. 

| KEPLER 
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KEPLER afcribes the afcent of 
tpt of Comets to the at- ran 
moipheres of their heads, and 4'te® what. manner 
their direction towards the parts sayibitikfrom the 
oppofite to the Sun, to the ac- smofpheres of their 
tion of the rays of light, car- 
rying along with them the matter of the 
Comets tails. And without any great 
incongruity we may fuppofe that, in fo 
free {paces, fo fine a matter as that of 
the Ether may yield to the action of 
the rays of the Sun’s light, though thofe 
rays are not able fenfibly to move the 
grofs fubftances in our parts, which are 
clogged with fo palpable a refiftance. 
Another author thinks that there may be 
a fort of particles of matter endowed with 
a principle of levity as well as others are 
‘with a power of gravity; that the 
matter of the tails of Comets may be of 
the former fort, and that its afcent from 
the Sun may be owing to its levity. 

But confidering the gravity of cerreftial 

bodies is as the matter of the bodies, 

and therefore can be neither more nor 

lefs in the fame quantity of matter, I 

am inclined to believe that this afcent 

may rather proceed from the rarefaction 

of the matter of the Comets tails. The 

afcent of fmoak in a chimpey is owing 

to the impulfé of the air, with which 
; : it 
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it is entangled. The air rarified by heat 
afcends, becaufe its fpecifick gravity is 
diminifhed, and in its afcent carries a- 
long with it the fmoak with which it is 
ingaged. And why may not the tail of 
a Comet rife from the Sun after the fame 
manner? For the Sun’s rays do not act 
any way upon the mediums which they 
pervade, but by refle@ion and refrac- 
tion. And thofe reflecting particles 
heated by this action, heat the matter of 
the Ether which is involved with them. 
That matter is rarefied by the heat 
which it acquires, and becaufe by this 
rarefaction the fpecifick gravity, with 
which it tended towards the Sun before, 
is diminifhed, it will afcend therefrom 
like a ftream, and carry along with it 
the refle@ting particles of which the tail 
of the comet is compofed; the impulfe 
of the Sun’s light, as we have {faid, 
promoting the afcent. 


Bur that the tails of Comets do arife 
from their heads and tend to- 


deed arife from thole wards the parts oppofite to the 


atmofpheres, proved Sun, is further confirmed from 
from feveral! of their 


phanomens, the laws which the tails ob- 


ferve. For lying in the plains 

of the Comets orbit which pafs through 
the Sun, they conftantly deviate from 
the 
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the oppofition of the Sun, towards the 
parts which the Comets heads in their 
progrefs along thofe orbits have left. 
And to a fpectator placed in thofe 
plains, they appear in the parts di- 
rectly oppofite to the Sun. Bur as the 
{pectator recedes from thofe plains, 
their deviation begins to appear, and 
daily becomes greater. And the devi- 
ation ceteris paribus appears lefs, when 
the tail is more oblique to the orbit of 
the Comet, as well as when the head of 
the Comet approaches nearer to the 
Sun ; efpecially if the angle of deviation 
is eftimated near the head of the Comet. 
Farther, the tails which have no devia- 
tion appear ftreight, but the rails which 
deviate are likewife bended into a cer- 
tain curvature. And this curvature is 
greater when the deviation is greater ; 
and is more fenfible when the tail cete- 
ris paribus is longer: for in the fhort- 
er tails the curvature is hardly to be 
perceived. And the angle of deviation 
is lefs near the Comet’s head, but greater 
towards the other end of the tail, and 
that becaufe the lower fide of the tail 
regards the parts from which the devia- 
tion is made, and which lie in a right 
line, drawn out infinitely from the Sun 
through the Comet’s head. And the 
tails chat are longer and broader, a 

ine 
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{hine with a ftronger light, appear moré 
refplendent and more exactly defined on 
the convex than on the concave fide. 
Upon which accounts it is plain that 
the phenomena of the tails of Comets 
depend upon the motions of their heads; 
and by no mtans upon the places of the 
heavens in which their heads are feen; 
and that therefore the tails of the Co- 
mets do not proceed from the refraction 
of the heayeas, but from their own 
heads, which farnifh the matter that 
forms the tail. For as in our air the 
fmoak of a heated body afcends either 
perpendicularly if the body is at reft, or 
obliquely, ifthe body is moved oblique- 
ly ; fo in the heavens where all the bo- 
dies gravitate towards the Sun, finoak 
and vapour muft (as we have already 
faid) aicend from the Sun, and either 
rife perpendicularly if the fmoaking 
body is at reft, or obliquely if the body; 
in the progreis of its motion, is al- 
ways leaving thofe places from which 
the upper or higher parts of the vapours 
had rifen before. And that obliquity will 
be lefs, where the vapour afcends with 
more velocity, to wit, near the fmoak- 
ing body when that is near the Sun. 
For there the force of the Sun by which 
the vapour afcends is ftronger. But be- 
caufe the obliquity is varied, the celama 

of 
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of vapour will be incurvated; and be- 
caufe the vapour in the preceding fide is 
fomething more recent, that is, has a- 
{cended iomething more lately from the 


body, it will therefore be fomething - 


more denfe on that fide, and muft on 
that account reflect more light as well 
as be better defined ; the vapour on the 
other fide languifhing by degrees and 
vanifhing out of fight. . 

Bur itis none of our prefent bufinefs 
to explain the caufes of the ap- 
pearances of nature. Let thofe 
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That Comets do 
fometimes defcend 


things which we have laft faid below the orbit of 


be true or falfe, we have atleaft Meu, 
made out in the preceding dif- 

courfe, that the rays of light are diredt- 
ly propagated from the tails of Comets 
in right lines through the heavens, in 


from their tai 


which thofe tails appear to the fpecta- 


tors where-ever placed; and confe- 
quently the tails muft afcend from the 
heads of the comets towards the parts 
oppofite to the Sun. And from this 
principle we may determine the limits 
of their diftances in manner following, 
Let S reprefent the Sun, T the Earth, 
STA the. elongation of a Comet from 
the Sun, and AT'B the apparent length 
of its tail. And becaule the light is 


propagated from the extremity of e 
tai 


pithy 


Ss. 
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tail in the direCtion of the right line 
TB, that extremity moft lie fomewhere 
in the line TB. Suppofe it in D, and join 
DS cutting TA in C. Then becaufe 
the tail is always ftretched out towards 
the parts nearly oppofité to the Sun ; 
and therefore the Sun, the head of the 
Comet, and the extremity of the tail lie 
in a right line, the Comet’s head will be 
found in C. Parallel to TB draw SA, 


B 


meeting the line TA in A, and the Co- 
met’s head C muft neceffarily be found 
between T and A; becaufe the extre- 
mity of the tail lies fomewhere in the 
infinite line TB, and all the lines SD 
which can poffibly be drawn from the 
par S to the line TB, muft cut the 
ine TA fomewhere between T and A. 

W here- 


= 
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Wherefore the diftance of the Comet 
from the Earth cannot exceed the inter- 
val TA, nor its diftance from. the Sun 
the interval SA beyond, or ST on this 
fide, the Sun. For inftance, the elonga- 
tion of the Comer of 1680 from the Sun 
‘Dec. 12. was 9°, and the length of its 
tail 35°. at leaft. If therefore a triangle 
ISA is made whofe angle T is equal to 
the elongation 9°. and angle A cqual to 
ATB or to the length of the tail, viz. 
35°. then SA will be to ST, that is, the 
line of the greateft poffible diftance of 
the Comet trom the Sun, to the femi- 
diameter of the orbis magnus, as the 
fine of the angle T to the fine of the an- 
gle A, that is, as about 3 torr. And 
therefore the Comet at that time was 
lefs diftant from the Sun than by :; of 
the Earth’s diftance from the fame, and 
confequently either was within the orbit 
of Mercury, or between that orbit and 
the Earth. Again, Dec. 21. the elon- 
gation of the Comet from the Sun was 
322°, and the git: of its tail 70° 
Wherefore as the fine of 32;° to the 
fine of 7¢°, that is, as 4 to 7, fo was the 
limit of the Comet’s diftance from the 
Sun to the diftance of the Earth from’ 


the Sun, and confequently the Comet 


had: not then got ‘without the orbit of 
K- Venus:: 
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Venus. Dec. 28. the elongation of thé 
Comet from the Sun was 55°. and the 
length of its tail 56°. And therefore the 
limit of the Comet’s diftance from the 
Sun was not yet equal to the diftance of 
the Earth from the fame, and confe. 
quently the Comet had not then got 
without the Earth’s orbit. But from its 
parallax we find that its egrefs from the 
orbit happened about Fax. 5. as well as 
that it had defcended far within the or- 
bit of Mercury. Let us fuppofe it to 
have been in its perihelion Dec. the 8th 
when it was in conjunction with the 
Sun, and it will follow that in the jour- 
ney from its perihelion to its exit out 
of the Earth’s orbit, it had fpent 28 
days; and confequently that in the 26 
or 27 days following, in which ic ceafed 
to be further feen by the naked eye, it 
had {carce doubled its diftance from the 
Sun. And by limiting the diftances of 
other Comets by the like arguments we 
come at laft to this conclufion, That alt 
Comets during the time in which they 
are vifible by us, are within the com- 
pafs of a {pherical {pace defcribed about 
the Sun as a center, with a radius dou- 
ble, or at moft triple of the diftance of 
the Earth from the Sun. ) 


AND 
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Awnp hence it follows that the Co- 


mets, during the whole time of 
their appearance unto us, being 
within the {phere of ativity of 
the circum-folar force, and there- 
fore agitated by the impulfe of 
that force, will (for the fame 
reafon as the Planets) be made 
to move in conic fections that 


That the Comets 
move in conic-fec- 
tions, having one {o- 
cus in the center of 
the Sun, and by 
radii drawn to that 
center do defcribe 
area's proportional 
to the times. 


have one focus in the center of the Sun, 
and, by radii drawn to the Sun, to de- 
{cribe area's proportional to the times. 
For that force is propagated to an im- 
menfe diftance, and will govern the mo- 
tions of bodies far beyond the orbit of 
Saturn. 


Tuere are three hypothefes about 


Comets. For fome will have That thofe conic. 
it that they are generated and ‘ions are near to 


parabola'’s, 


proved 


perith, as often as they ap- from the velocity of 


pear and vanifh; others that the Comets, 


they come from the regions of the fix- 


ed Stars, and are feen by us in their. 


paffage through the fyftem of our Pla- 
nets ; and laftly, others that they are 
bodies perpetually revolving about the 
Sun in very eccentric orbits. In the 
firft cafe, the Comets, according to their 
different velocities, will move in conic 
fections of all forts ; in the fecond they 

| K z will 
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will defcribe hyperbola’s, and in either 
of the two will frequent indifferently 
all quarters of the heavens as well 
thofe about the poles as thofe towards 
the Eclipzic ;_in the third their motions 
will be performed in ellipfes very ec- 
centric and very nearly approaching to 
farabola’s, But (ifthe law of the Pla- 
nets is-obferved) their orbits will not 
much decline from the plain of the E- 
cliptic. And fo far as I could hitherto 
obferve the third cafe obtains. For the 
Comets do indeed chiefly frequent the 
zodiac and fcarce ever attain to a helio- 
centric latitude of 40°. And that they 
move in orbits very nearly parabolical, 
I infer from their velocity. For the ve- 
Jocity with which a parabola is defcri- 
bed, is every where-to the velocity with 
which a Comet or Planet may be revol- 
ved about the Sun in a circle at the 
fame diftance, in the -fubduplicate ratio 
of2to1. And by my computation the 
velocity of Comets is found to be much 
about the fame. I examined the thing 
by inferring nearly the velocities from 
the diftances, and the diftances both 
{rom the parallaxes and the phenomena 
ofthe tails, and never found the errours 


of excefs or defe@ in the velocities 


greater than what might have arofe from 
the 
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the errours in the diftances colle¢ted 
after that manner. But I likewife made 
ufe of the reafoning that follows, 


Supposinc the radius of the orbis 
magous to be divided into rooo 
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In what {pace of 


parts: Let the numbers in the time Comets defcri- 


firft column of the following or Bi aria ais 


table reprefent the diftance of tie fphere of the or- 


the vertex of the parabolafrom >! ™gnus. 


the Sun’s center, expreffed by thole 
parts ; and a Comet in the times ex- 
preffed in Col 2. will pafs from its pe- 
rihelion to the furface of the {phere 
which is defcribed about the Sun as a 
center with the radius of the orbis mag- 
nus ; and in the times expreffed in Col. 
3, 4, and 5. it will double, triple, and 
quadruple that its diftance from the 
Sun. } 


K 3 TAaBLe 
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160 
$20 


TABLE I. 


The time of a Comet's paflage from its pe- 
rihelion to a diftance from the Sun equal to 


(emt eee ee, a ae 


the rad. To its To its To its 
of the or- | double. | triple. uadruple. 
bis mag. 


2 bone ad be ee eek eo 
a7 10123 | 97.36 28)142 37 14 

219 17 30 
271607 | 77231 
272100 | 78 06 


; aioe 49 | 7820 13/144 03 19 221 08 54 


2Q Of 32 79 23 33}. 
30 13 26 | 82 04 56 


33 05 29 $6 102 1§3 16 08/232 32 19 
37 13 46 | 93 23 38 


64013709 49 | 10501 28 


3280 


ore 


106 06 35/200 06 43|297 03 46 


147 22 31'300 0603 


This table, here correted, is made on the fuppofition 
that the Earth’s diurnal motion is juft 59’. and the 
meafure of one minute. loofely 0,2909, in refpe of 
the radius 1000, If thofe meafures are taken true, 
the true nuecbers of the table will all come out lefs, 
But the difference, even when greateft, and to the 
quadruple of the Earth’s diftance from the Sun, a 
mounts only t0 164, 55] fs: 


THE 
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THe time of a Comet’s in- 
grefs into the {phere of the or- 
bis magnus, or of its egrefs from 
the fame may be inferred near- 


At what time Comets 
enter into and pafs 
out of the fphere of 
the orbis magnus. 


ly from its parallax, but with more ex- 


pedition by the following 


Tasve_ II. 


Its diftance from 


The apparent | Its apparent diur- | the Earth in parts, 
elongation of} nal motion in its 
a Comet from | own orbit, 


the Sun. 

Dire& |Retrog, 
60? 2° 38! loo? 20° 
65 2 38 loo 35 
79 2 5§ [90 §7 
72 3 07 jor 8609 
74 3 23 JO 29 
76 3 $3 JOT 45 
78 4 10 fom 12 
80 4 47 j02 49 
82 5 45 [03 47 
84. 7 18 |o§5 20 
86 1@ 27 {o8 19 
88 18 37 |16 39 
90 Infinite [Infinite 


Coa sy 


K 4 


whereof the radius 
of the orbis mag- 
nus contains 1000, 


Tue ingrefs of a Comet into the 
fphere of the orbis magnus, or 
its egrefs from the fame happens 
at the time of its elongation 
from the Sun expreffed in Col. 
y. againft its diurnal motion. 


With what velocity 
the Comets of 168q 
paffed through the 
{phere of the orbis 
magnus. 


Sa 
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So in the Comet of 1681, Fan. 4. AS. 
the apparent diurnal motioa in its orbit 
was about 3°. 05’. and the correfpond- 
ing clongation 713° And the Comet 
had acquired this elongation from the 
Sun Fan. 4. about fix in the morning. 
Again in the year 1680, November 11. 
the diurnal motion of the Comet that 
then appeared, was about 4}°. and the 
correfponding elongation 79} happened 
Nov. ro. a little before mid-night. Now 
at the times named thefe Comets had 
arrived at an equal diftance from the 
Sun with the Earth, and the Earth was 
then alinot in its perihelion. But the 
firtt table is fitted to the Earth’s mean 
diftance from the Syn aflumed of 1000 
parts; and this diftance is greater by 
juch an excefs of {pace as the Earth 
might defcribe, Sy its annual motion, 
in-onc days time, or the Comet, by its 
motion, in 16 hours. To reduce the 
Comer to this mean diftance af rooo 
parts we add thefe 16 hours to the for- 
mer time and fubdu@ them from the 
Jatrer; and thus the former becomes 
Fax. 49. 104. after noon, the latter 
Nev. 10. about fix in the morning. But 
{rom the tenour and progrefS of the di- 
urnal motions it appears that both Co- 
mets were in conjun@iion with tbe Sug 

between 
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between Dec. 7. and Dec. 8. And 
"from thence to Fan. 4%. 104. afternoon 
on one fide, and to Nov. 104, 6%. of the 
morning on the other, there are about 
28 days. And fo many days (by Tz- 
ble x.) the motions in parabolic trajec- 
tories do require. 


But though we have hitherto con- 
fidered thofe Comets as two, 
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yet from the coincidence of That thefe were noz 
their perihelions and agreement tne? Selene 

9) Nd agreemenc the fame Comet. In 
of their velocities, it is proba- what orbit and with 
ble, that in effect they were but Comer was carried 
one and the fame. And if fo, through the heavens 


the orbit of this Comet muft %cftbed more e- 


4 adly. 
have either been a parabola or 


at leaft a conic fection very little differ- 
ing from a parabola, and at its vertex 
almoft in conta with the furface of the 
Sun. For by 7aé. z.the diftance of the 
Comet from the Earth Nov. 10, was a- 
bout 360 parts, and Fan. 4. about 630. 
From which diftances, together with its 
longitudes and latitudes, we infer the dif- 
tance of the places in which the Comet 
was at thofe times, to have been about 
280: the half of which, v#z. 140 is an 
ordinate to the Comet’s orbit, cutting 
off a portion of its axe nearly equal to 
the radius of the orbis magnus, thar is to 

Cie, 3000 
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1000 parts. And therefore dividing the 
fquare of the ordinate 140 by roco the 
fegment of the axe, we find the latus re- 
ctum 19, 16, or in a round number 20. 
The fourth part whereof 5 is the dif- 
tance of the vertex of the orbit from 
the Sun’s center. But the time corre- 
fponding to the diftance of 5 parts in 
Tab. x. is 274, 165. 7, In which time, 
if the Comet moved in a parabolic or- 
bit, it would have been carried from 
its perihelion to the furface of the 
fphere of the orbis magnus defcribed 
with the radius roo0, and would have 
fpent the double of that time, wz. 
55%, 8:4. in che whole courfe of its mo- 
tion within that fphere: And fo in fact 
it did. For from Nov. 104. 64% of the 
morning, the time of the Comet’s in- 
grefs into the {phere of the orbis magnus, 
to Fan. 44. 10%. after noon, the time of 
its egrefs from the fame, there are 554. 
165, The fmall difference of 724. in 
this rude way of computing is to be 
neglected, and perhaps may arife from 
the Comet’s motion being fome {mall 
matter flower, as it muft have been if 
the true orbit in which it was carried 
was an ellipfe. The middle time be- 
tween its ingrefS and egrefs was Dee 


cember 84.025. of the morning. And 


there; 
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therefore at this time the comet oughe 


to have been in its perihelion. And ac- 


cordingly that very day, juft before Sun- 


rifing, Dr. Halley (as we faid) faw the 
tail fhort and broad, but very bright 
rifing perpendicularly from the horizon. 
From the pofition of the tail, it is cer- 
tain that the Comet had then croffed 
aver the Ecliptic, and got into north- 
latitude, and therefore had paffed by its 
perihelion which lay on the other fide 
of the Ecliptic, though it had not yet 
come into conjunction with the Sun. 
And the Comet, being at this time be- 
tween its perihelion and its conjunction 
with the Sun, muft have been in its peri- 
helion a few hours before. For in fo 
near a diftance from the Sun it muft 
have been carried with great velocity, 
and have apparently defcribed almoft 
half a degree every hour. 


By like computations I find that the 
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Comet of 1618 entered the wih what veloc 
{phere of the orbis magnus De- Comets are carried, 


cember 7. towards Sun - fetting. 
But its conjun@ion with the 
Sun was Nov. 9, or10, about 28 days in- 
tervening, as in the preceding Comet. 
For from the fize of the tail of this,. in 
which it was equal to the preceding, i 
es 2 * . i i 


amples. 


fhewed by more ex- 
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is probable that this Comet likewife did 
come almoft into a contaQ with the 
Sun. Four Comets were feen that year, 
of which this was the laft. The fecond, 
which made its firft appearance Odfo- 
ber 31. in the neighbourhood of the ri- 
fing Sun, and was foon after hid under 
the Sun’s rays, I fufpe& to have been 
the fame with the fourth, which emer- 
ged out of the Sun’s rays about Nov. 9. 
To thefeé we may add the Comat of 
1607, which entered the fphere of the 
orbis magnus Sept. 14)O. S. and arrived 
at its perihelion - diftance from the Sun 
about Offober 19, 35 days intervening. 
Its perihelion-diftance fubtended an ap- 
parent angle at the Earth of about 23 
degrees, and was therefore of 390 parts. 
And to this number of parts about 34 
days correfpond in Tab, x. Further, 
the Comet of 1665 entered the {phere of 
the orbis magnus about March 17, and 
came to its perihelion about <pri/ 16, 
30 days intervening. Its perihelion- 
diftance fubtended an angle at the Earth 
of abont feven degrees, and therefore 
was of 122 parts: and correfponding 
to this number of parts, in Jab. 1. we 
find 30 days. Again, the Comet of 
1682 entered the {phere of the orbis 
magnus about ug. x1. and arrived at 

its 


its perihelion about Sept. 16. being then 
diftant from the Sun by about 350 
parts, to which, in Tad. 1. belong 333 
days. Laftly, that memorable Comet 
of Regiomontanus, which in 1472 was 
carried through the cireum-polar parts 
of our northern hemifphere with fuch 
rapidity as to defcribe 40 degrees in one 
day, entered the fphere of the orbis 
magnus Fan. 2. about the time that ic 
was pafling by the pole, and haftening 
from thence towards the Sun, was hid 
under the Sun’s rays about the end of 
February. Whence ’tis probable thar 
30 days or afew more were {pent be- 
tween its ingrefs into the {phere of the 
erbis magnus and its perihelion. Nor 
did this Gomet truly move with more 
velocity than other Comets, but owed 
the greatnefs of its apparent velocity to 
its paffing by the Earth at a near dif+ 
tance. , 


Ir appears then that the velocity of 
Comets, fo far as it can be de- ae 
termined by thefe rude ways of A aoe of Cox 
computing, is that very velo- mets propofed. 
eity with which parabola’s, or - 
ellipfes near to parabola’s, ought to be 
deferibed. And therefore the diftance 
between a Comet and th¢ Sun being 

: givens 
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given, the velocity of the Comet is 
nearly given. And hence arifes this 
problem. 


The relation betwixt the velocity of a 
Comet, and its diftance from the Sun’s 
‘center being given, the Comets tra- 
jeGory is required. : 


If this problem was refolved, we 
fhould thence have a method of deter- 
mining the trajectories of Comets to the 

eateft accuracy. For if that relation 
Ee twice aflumed, and from thence the 
trajetory be twice computed, and the 
errour of each trajectory be found from 
obfervations, the affumption may be 
corre@ed by the Rule of Falfe, and a 
third rpaevetl may thence be found 
that will exa@tly agree with the obfer- 
vations. And by determining the tra- 
jeftories of Comets after this method, 
we may come at laft to a more exact 
knowledge of the parts through which 
thofe bodies travel, of the velocities 


_ with which they are carried, what fore 


of trajetories they defcribe, and what 
are the true magnitudes and forms of 
their tails according to the various dif: 
tances of their heads from the Sun; 
whether after certain intervals of time, 

: the 
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the fame Comets do return again, and 
in what periods they compleat their fe- 
veral revolutions. But the problem 
may berefolved by determining firft the 
hourly motion of a Comet to a given 
time from three or more obfervations, 
and then deriving the traje@ory from 
this motion. And thus the invention 
of the trajectory depending on one ab- 
fervation and its hourly motion at the 
time of this obfervation will either cone 
firm or difprove it felf. For the con- 
clufion that is drawn from the motion 
only of an hour or two and a falfe hy- 
pothefis, will never agree with the mo-. 
tions of the Comets from beginning to 
end. The method of the whole compu- 
tation is this. 


£43 


Lem. 1. To cut two right lines OR, 
TP given in pofition, by athird jy ma's premifed 
right line RP, fo as TRP may to the folution of the 
be a right angle, and, if another Problem. 
right Fine SP is drawn to any given 
point S, the folid contained under this 
line SP, and the fquare of the right line 
OR terminated at a given point O, may 
be of a given magnitude. | 
hk is done by linear defcription, thus. 
Let the given magnitude of the folid be 
M’xN. From any. paint 7 of the aon 
: : ine 
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line OR ere& the perpendicular rf 
meeting TP in p. Then through the 
points Sp draw the line Sq equal to 
M’*xN 

Or - 
more right lines$29, $39, &c. And 
a regular line g 243 drawn through all 
the points g2939, &c. will cut the 
right line TP in the point P, from 
Which the perpendicular PR is to be 
let fall. Q.E.F. 


In like manner draw three or 


_ By trigonometry thus. Affuming the 
right line TP as found by the preceding 
method, the perpendiculars TR, SB in 
the triangles TPR, TPS will be thence 
given, and the fide SP in the ee 
| SB 
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M’xN Sp. 
Let this errour, fuppofe D, be to a new 
erfour, fuppofe E, as the errour 2p2¢ 
+3 3q tothe errour2 p37; or as the 
errour 2229¢+D to the errour 2pP; 
and this new errour added to or fubducted 
from the length TP will give the correct 
length T P ti E. The infpection of the 
figure will fhew whether we are to add 
or to fubtra@. And if at any time there 
fhould be ufe for a further correction, 
the operation may be repeated. 


SBP, as well as the errour 


2 


By arithmetic thus. Suppofe the 
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thing done, and let TP-+e be The fign + de- 


. notes + or — am- 
the correct length of the line iatlly, and =P 
TP found by delineation ; and ftands for the con- 


the correct lengths of the lines trary fign. 


OR, BP and SP will be OR tase 


aE “SO ee es ee, 


BP+e and YW SP+2BPe+e' 


pee XN, | 
~ OR+2ORxTR TRE 


e* 


| ppg) REPS, 
Whence by the method of converging 


feries’s, we have SP + =s e+ oo ee, 
M’*N —M?N M'N 

Bere ant lone ie 
1p And 
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And for the given co-efficients OR 
BP,M’NM’N_ SB’ 
—SP.t sp*OR OR? — 25P 
ting F, = ane and carefully obferving 
the figns, we find GH —e*=He, or 


G— 7 =e. Whence, neglecting the 
very {mall term £ » € comes out equal 


to G. If the errour 5 is not defpica- 


G 
ble, take e = G— =' 


And it is to be obferyed, that here a 
general method is hinted at for folving 


. the more intricate fort of problems, as 


well by trigonometry as by arithmetic, 
without thofe perplexed computations 
and refolutions of affected equations, 
which hitherto have been in ufe. 

Lem.z. To cut three right lines gi- 
ven in pofition by a fourth right line 
that fhall pafs through a point affigned 
in any of the three, and {fo as its inter- 
cepted parts fhall be in a given ratio one 
to the other. 


Let 


* 
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__ Let AB, AC,BC be the right lines 
given in pofition, and fuppofe D to be 
the given point in the line AC. Parallel 
to AB draw DG meeting BC in G. And, 


taking GF to BG in the given ratio, 
draw FDE; and FD will be to DE as 
FG to BG. Q.E. F. | 

By trigonometry thus. In the trian- 
gle CGD, all the angles and the fide CD 
are given, and from thence its remain- 
ing fides are found ; and from the given 
ratio’s, the lines GF and BE are alfo 
given. 

Lem. 3. To find and reprefent by a 
‘ linear defcription the hourly motion of 
a Comet to any given time. 

From obfervations of the beft credit, 
Jet three longitudes of the Comet be 
given, and fuppofing ATR, RTB to be 
their differences ; let the hourly motion 
be required to the time of the middle 

obfer-. 
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obferyation TR. By Lem. 2. draw the 
right line ARB, {fo as its intercepted 
parts AR, RB may be as the times be- 
tween the obfervations. And if we 
fuppofe a body in the whole time to 
defcribe the whole line AB with an e- 


qual motion, and to be in the mean 


~ time viewed from the place T, the appa- 


rent motion of that body about the point 
R, will be nearly the fame with that of 
the Comet at the time of the obferya- 
tion TR. eo 
The fame more accurately. 

Let Ta, Td be two longitudes given 
at a greater diftance on one fide and on 
the other; and by Lem.2. draw the 
right line @aRé {fo as its intercepted parts 
@R, R&é may be as the times between 
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the obfervations ¢T R, RT 4. Suppofe 


this to cut the lines TA, TB in D and | 


E. And becaufe the errour of the in- 
clination TRa increafes nearly in the 
duplicate ratio of the time between the 
obfervations, draw FRG, fo as either the 
angle DRF may be tothe angle ARF, 
or the line DF to the line AF, in the 
duplicate ratio of the whole time be- 
tween the obfervations 4«TB to the 
whole time between the obfervations 
ATB, and ufe the line thus found FG 
in place of the line AB found above. _ 
It will be convenient that the angles 
ATR, RTB, zT A, BT 6 be no lefs 
than of ten or fifteen degrees, the times 
correfponding no greater than of eight 
or twelve days, and the longitudes ta- 
ken when the Comet moves with the 
greateft velocity. For thus the errours 
of the obfervations will bear a lefs pro- 
portion to the differences of the longi- 
tudes. - 
Lem. 4. To find the longitudes of a 
Comet to any given times. 
It is done by taking, in the line FG, 
the diftances Rr, Rp proportional to 
the times, and drawing the lines T7, 
Tp. The way of working by trigono- 
metry is manifeft. 
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Lem. 5. To find the latitudes. | 

On TF, TR, TG, as radius’s, at right 
angles erect F fj RP, Gg tangents of 
the obferved latitudes ; and parallel to 
fg draw PH. The perpendiculars rp, 
ea meeting PH will be the tangents of 
the fought latitudes to Tr and Tp as 
radius’s. 


Prob. 1. From the affumed 

The problem refol- ratio of the velocity to deter- 
= mine the trajectory of a Comet. 
Let S reprefent the Sun, ¢, T, + three 

places of the Earth in its orbit at equal 


diftances, p,P,a as many correfponding 
places of the Comet in its traje@ory, ie 
as the diftances interpofed berwixt place 
and place may anfwer to the motion of 
one hour, p7, PR, we perpendiculars 

let 


QF THE WORLD. 


let fall on the plain of the ecliptic, and 
rRp the veftige of the trajectory in 


this plain. Join $p, SP, Sa,SR, ST, . 


tr, TR, rp, TP ; and let tr, rp meet 
in O, TR will nearly converge to the 
fame point O, or the errour will be in- 
confiderable. By the premifed lemma’s, 
the angles rOR, ROp are given, as 
well as the ratio’s p 7 to ¢7, PR to TR; 
and wp to7rp. The figure ¢T +O is 
likewife given, both in magnitude and 
pofition, together with the diftance ST 
and the angles STR, PTR, STP. Let 
us affume the velocity of the Comet, in 
the place P, to be to the velocity of a 
Planet, revolved about the Sun in a cir- 
cle, at the fame diftance SP, as V tox, 
and we fhall have a line Pw to be de- 
termined, of this condition, that the 
fpace paw, defcribed by the Comet in 
two hours, may be to the {pace Vx¢r 
(that is, to the {pace which the Earth 
defcribes in the ane time multiplied by 
the number V ) in the fubduplicate ratio 
of ST, the diftance of the Earth from 
the Sun, to SP the diftance of the Co- 
met from the Sun; and that the {pace 
PP, defcribed by the Comet in the firft 
hour, may be to the {pace Pa defcribed 
by the Comet in the fecond hour, as 
the velocity in , tq the velocity in 

ae that 
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that is, in the fubduplicate ratio ofthe 
diftance SP to the diftance Sp, or in 
the ratio of 2S P, to SP-+S/p. For in 
this whole work I neglect fmall frac- 
tions that can produce no fenfible er- 
rour. ou 

In the firft place thén, as mathema- 
ticians in the refolution of affected e- 


quations, are wont, for the firft effay, 


‘to affume the root by conjecture; fo, in 
this analytical operation, I judge of sie 
fought diftance TR, as I beft ean by 
conjecture. Then. by Lem, 2. I draw 


ro, firft fuppofing rR equal to Rp, and © 


again (after the ratio of SP to Spis 
difcovered) fo as rR may be to Rp, as 
2SPto SP-LS p, and I find the ratio’s 
of the lines fa, rp and OR one to the 
other. Let M be to Vx¢7:as OR to 
pa; and becaufe the fquare of Pa is 
to the fquare of Vxt 7, asST to SP, 
we fhall have ex @quo OR‘ to,M’ as 
ST to SP, and therefore the folid OR* 


- *SP equal to the given folid M* xST. 


Whence (fuppofing the triangles. STP, 
PTR to be now placed in the fame 
pian) IR, TP, SP, PR will be given 
y Lem.1. All this I do, firft by de- 
lineation in a rude and hafty way, then 
by a new delineation with greater care, 
and laftly, by an arithmetical computa- 
aaa : "- COM. 
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tion. Then I proceed to determine 
the pofition of the lines rp, pa with 
the greateft accuracy, together with the 
nodes and inclination of the plain Spo 
to the plain of the ecliptic ; and in that 
plain Spa, I defcribe the trajeCtory in 
which a body let go from the place 
P in the direGtion of the right line pa; 
would be carried with a velocity that is 
to the velocity of the Earth, as pa to 
Vxtr. Q.E.F. 

- Prob. 2. To corre& the affumed ra- 
tio of the velocity and the trajectory 
thence found. 

Take an obfervation of the Comet 
about the end of its appearance, or any 
other obfervation at a very great dif- 
tace from the obfervations ufed before; 
and find the interfeQion of a right line 
drawn to the Comet, in that obferva- 
tion, with the plain Sp aw, as well as 
the Comet’s place in its trajectory to 
the time of the obfervation. If that in- 
terfe@tion happens in this place, it is a 
_ proof that the trajectory was right de- 
termined. If otherwifé, a new number 
V is to be affumed, and a new trajec- 
tory to be found, and then the place of 
the Comet in this trajectory to the 
time of that probatory obfervation, and 
the interfe€tion of a right line drawn 

M . to 
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to the Comet, with the plain of the 


traje@tory are to be determined as 
before. And by comparing the va- 
riation of the errour with the variation 
of the other quantitics, we may con- 
clude, by the Rule of Three, how far 
thofe other quantities ought to be yari- 
ed or corre@ted, fo as the errour may 
become as {mall as poffible. And by 
means of thefe corrections we may have 
the trajectory exa@ly, providing the 
obfervations, upon which the compu- 
tion was founded, were exa@, and tha 
we did not err much in the aflumption 
of the quantity V , for if we did, the 
operation is to be repeated till the tra- 
jettory is exactly enough determined. 
Q. E. F. 
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